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F-15 CAPTIVE COMPATIBILITY DEMO/ASYMMETRIC
STORES (PILOT/FTN)

REFERENCES:

F-15A/B/C/D Flight Manual.

MIL-STD-1797A, Flying Qualities of Piloted Aircraft.

MIL-HDBK-244, Guide to Aircraft/Stores Compatibility.

MIL-STD-1763, Aircraft/Store Certification Procedures.

AFR 80-54, Aircraft/Stores Certification Program (Seek Eagle).

Systems Test Theory and Flight Test Techniques, Chapter 8, "Stores Certification."

. Flight Clearance (FC) 92-052-A1: 610 Gallon Fuel Tank in an Asymmetric Configuration on
AFMC F-15A/B/C/D Aircraft (Fig. 3.21).

NGO VAW =

PURPOSE:

1. To demonstrate a captive compatibility flight profile (CFP) sortie IAW MIL-STD-1763,
Aircraft/Store  Certification Procedures and MIL-HDBK-244, Guide to Aircraft/Stores
Compatibility.

2. To demonstrate the degradation in flying qualities with an asymmetric store IAW
MIL-STD-1797A, Flying Qualities of Piloted Aircraft.

3. To compare F-15 asymmetric flying qualities with the basic F-15 aircraft.

AIRCRAFT:
F-15B/D, with a full 610 gallon tank on station 2 or 8.

GENERAL:

A typical CFP sortie consists of 6 to 10 data points selected from throughout the aircraft’s
operational envelope, including the PA configuration, flown in a buildup fashion. The higher
mach/airspeed points may require the aircraft to be in a dive of 30° or more to achieve desired
parameters, requiring several passes through the data band to complete the test point. As a result,
a tanker is usually required and typical sortie times are 3.5 to 4 hours.

MIL-STD-1763A, Test 250A, defines the following CFP tests:
1. Test 251, paragraph 251.5, handling qualities tests:
a. Taxi and ground handling characteristics.
b. Take-off characteristics, including crosswind.
c. Climb, cruise, maneuvering descent characteristics, including effectiveness of speed
brakes, power, and configuration changes.
d. Subsonic, transonic, supersonic characteristics (as applicable) including trim and
stability changes as follows:
(1) Trim shot.
(2) Steady state sideslip analysis to confirm positive Cng and Clg.
(3) Longitudinal dynamic short period analysis to confirm positive stability.
(4) Lateral-directional dynamic analysis to confirm positive stability.
(5) Roll performance.
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(6) Maneuvering stability up to maximum symmetric g noting stick force per g to
provide an indication of dynamic longitudinal maneuvering stability.
(7) Speed stability while accelerating to the next data point (without trimming).
(8) Upon completion of the final test point, or at the highest speed authorized,
evaluate trim change induced when speed brake is extended.
e. Buffet onset and intensity, vibration and stall/high AOA characteristics.
f. Low speed flying characteristics.
g. Trim changes when lowering gear and flaps, while performing turns, and while

approaching stall warning.

h. Air-refueling.

i. Operationally representative maneuvers including tracking tasks.
2. Test 252, paragraph 252.5, Structural integrity tests (loads):

a. Maximum positive symmetric g.

b. Maximum positive unsymmetric (rolling) g.

c. Maximum negative symmetric g.

d. Maximum negative unsymmetric (rolling) g.

e. Engine spillage test (throttle chop).
3. Test 253, paragraph 252.5, Vibration and endurance test (speed soak):

a. 30 minutes at the lowest practical altitude (not higher than 1000 ft MSL) at 0.9 mach
or the maximum allowable airspeed, whichever is less.

MIL-HDBK-244, paragraphs 6.2.1.7.6 and 6.2.1.7.7, gives further guidance on how to accomplish
the required maneuvers and breaks down the testing into two sorties:

a. Part I/First sortie: Structural integrity and handling (test 251 and 252).

b. Part II/Second sortie: Vibration and endurance (test 253).

A typical CFP will include the handling qualities tests (Test 251) and the loads tests (Test 252) at
each data point. The loads tests are usually accomplished at the same time as the maneuvering
stability [1.d.(6) above] test point. Portions of these tests may be omitted if analogous to another
previously certified or tested item on that aircraft. When fuel and time will allow, the first and
second sorties are often combined into a single sortie, performing the speed soak test (Test 253) at
the end of this sortie.

Additionally, when the configuration to be tested involves lateral asymmetry the requirements of
MIL-STD-1797A must be qualitatively evaluated throughout the CFP. As a minimum the
following paragraphs should be evaluated:

4.1.11.5  Control margin.

4.27.2 Pitch axis control power in maneuvering flight.

4.5.8.6 Roll axis control power for asymmetric loading.

4.6.6.3 Yaw axis control power with asymmetric loading.

4.6.7.5 - Yaw axis control force limits with asymmetric loading.
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This TPS syllabus sortie includes a mix of data points from a typical CFP as well as demonstration
data points designed to show the differences in handling qualities between a symmetrically and an
asymmetrically loaded F-15. The sortie is fuel limited, so a timely accomplishment of the test
points is required to complete the entire profile.

FLYING QUALITIES FULL DATA SET:

For this TPS mission, a flying qualities full data set will include the following maneuvers:

1. Trim shot.

2. Longitudinal dynamic short period motion analysis: evaluate using a 1 g pitch doublet, pitch
CAS on then off.

3. Lateral-directional dynamic analysis: evaluate using a rudder doublet, yaw and roll CAS on
then off. ,

4. Rolls: both directions, through 120° (+60°) to avoid exceeding the 180° TPS limit. With gear
down use 60° (x30°) to avoid exceeding the 90° flight manual limit. Use a 1g load, build-up
approach, all CAS on then all off. The rolls are usually done away from the store first to ensure
sufficient roll axis control power to stop the roll.

5. Steady Heading Sideslip: “to full deflection, both left and right direction, CAS on only. Not
accomplished in PA configuration.

6. Maneuvering Flight: wind-up turn to symmetrical load limit. CAS on only. The turn is usually

done opposite the direction of anticipated departure, or in the direction opposite the store if you are
not sure, so that the aircraft will roll towards wings level if it departs controlled flight.

LOADS FULL DATA SET:

For this TPS mission, a loads full data set will include the following maneuvers, with CAS on only:
1. Wind up turn to the maximum positive symmetric g limit. This is the same as the Maneuvering
Flight test point described above. When both flying qualities and loads are accomplished at a
particular data point there is no need to do this maneuver twice. If aircraft departure is a concern,
perform the turn opposite the direction of anticipated departure, or in the direction opposite the
store if you are not sure. Otherwise, turn into the store in preparation for the loaded roll.

2. Loaded 120° roll (to avoid exceeding the 180° flight manual limit) at the maximum positive
unsymmetric g limit, maintaining maximum roll rate. Although a direction for the rolls is not
specified, this roll is usually done away from the store to maximize stress on the store. If the wind
up turn was accomplished into the store then after its completion simply unload to the unsymmetric
g limit and accomplish the roll. Otherwise, establish a turn in the direction of the store at the
unsymmetric g limit and accomplish the roll away from the store.

3. Pushover or inverted turn maneuver to the maximum negative symmetric g limit.

4. Loaded 120° roll (to avoid exceeding the 180° flight manual limit) at the maximum negative
unsymmetric g limit, maintaining maximum roll rate. This roll is usually done in the direction of
the store to maximize stress on the store.

A build-up approach is used during both the 1g and the loaded rolls. For this TPS sortie use 1/4
and 1/2 aileron deflection from trim to buildup to the maximum roll rate of 120° per second (see
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Fig. 3.21, remark 9). Note the sideslip buildup during the rolls. Careful planning is required to
avoid exceeding flight manual and flight clearance roll rate and bank angle limits.

Load levels requested at the data point are normally noted as a percentage of the test limits, and
computed using a baseline of +1.0 g. 80% values are calculated using the difference between the
maximum value and 1.0.

LIMITATIONS:

1. Crosswind limits for takeoff and landing will be 10 kts from the side opposite the store and
15 kts from the side with the store.

2. All points will be performed at or above 10,000 ft AGL when above 21 units AOA with the
exception of the takeoff and landing evaluation.

3. Any emergency aggravated by an asymmetric load condition will require immediate feeding or
jettisoning of the external fuel tank prior to landing.

4. The external tank must be entirely full prior to engine start to prevent fuel sloshing during
flight. The external tank fuel reading should be 4,090 + 250 lbs with JP-8.

5. The aircraft must have an operative AOA gauge and g-meter in the rear cockpit.

6. Non OWS aircraft g limits apply until the external tank is empty because the system is unable
to determine that the wing tank has "trapped” fuel in it.

7. Flight manual and flight clearance restrictions for carriage and jettison of the store will be
observed. As this is not an authorized operational configuration for the F-15, a copy of the AFSC
Form 4839 is attached (Fig. 3.21) showing aircraft carriage and jettison limitations. Reference the
"AEOL and Waiver" book in operations for the Flight Clearance. The TPS test limitations for this
sortie are shown in Table 3-1. For instances where TPS has added no further restriction, flight
clearance or flight manual limitations, whichever are most restrictive, will be used.

Table 3-1. TPS Test Limitations

PARAMETER CRUISE (CR) POWER APPROACH (PA)

Maximum Acceleration (g)

--Symmetric +4/-0.5 Flight Manual

--Unsymmetric +2.5/+0.5 Flight Manual

Angle of Attack (AOA) 25 Units 25 Units

Airspeed 600 KCAS Flight Manual

Mach 1.4M Flight Manual

Roll Rate (p) 120°/SEC or 1/2 aileron | 120%SEC or 1/2 aileron input
input from trim from trim

Roll (3 change during rolls) 180° +45°

Control Augmentation System On > 500 KCAS Not Applicable

Data band limits are + 2,000 ft, + 10 KCAS, + 0.05M.

o
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Table 3-2. Maneuver Abort Criteria and Procedures

MANEUVER | ABORT CRITERIA ABORT PROCEDURE
Steady Heading | - Any uncommanded increase in - Smoothly return control surfaces to
Sideslip - Any decrease or reversal of aileron neutral
deflection (stick force) with - Reengage CAS
increased rudder application - Apply opposite rudder (if required)
- YAW rate tone comes on
Short Period - Oscillations increase in amplitude - Reengage CAS
- Dampen with appropriate pilot input
Dutch Roll - Oscillations increase in amplitude - Reengage CAS
- YAW rate tone comes on - Dampen with appropriate pilot input
Rolls - Excessive adverse/proverse yaw - Terminate roll and decrease AOA
- Excessive slow/unpredicted roll rate | - If airspeed is
- YAW rate tone comes on -- Slow: increase airspeed
-- Fast: decrease airspeed
Man. Flight - Unpredicted stick force or reversal | - Quickly neutralize or decrease g
Structural - Unpredicted store vibration - Reestablish 1.0g
Integrity - Any compromise of store integrity | - If airspeed is:
- Excessive slow/unpredicted roll rate -- Slow: increase airspeed
- Excessive pitch sensitivity -- Fast: decrease airspeed
- Dampen oscillations with
appropriate pilot input
Stall - Classic indications of stall/approach | - Decrease AOA and increase airspeed
Investigation to stall limit AOA or airspeed
Speed Soak - Unusual noise or vibrations - Decrease airspeed and increase
- Any compromise of store integrity altitude

MISSION EVENTS: (Gradesheet, pg A.23)

1. Mission Preparation.
The student is responsible for the planning and flying of an efficient mission profile with special

emphasis on moving efficiently from point to point and observing the appropriate limitations. The
student should have developed and be thoroughly familiar with the mission data cards, including
specific limitations for each event.

2. Briefing.
The IP will brief the general mission profile and specific test techniques. The student will brief

jettison procedures, external tank failure to feed, mission limitations, maneuver abort criteria and

procedures (Table 3-2), and F-15 asymmetric flying qualities as described in the flight manual,
section 6.

3. Preflight/Ground Ops.
Check the AFTO Form 781 for proper fueling (approximately 15,940 +500 1bs). Ensure the tank

and pylon jettison cartridges are installed. Perform a flying qualities ground block and mark stick
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positions for in-flight reference. 3/4 stick deflection from ground neutral will be used in data point
#2; however stick deflections during rolls will be 1/4 and 1/2 displacement from airborne neutral,
and should not be marked on the ground. Run aileron trim full deflection left and right and note
stick position and aileron deflections. Review the tank jettison procedures prior to takeoff. Note
that there are no jettison controls available to the IP in the rear cockpit.

Make sure the fuel tank is loaded into the Armament Control Panel. In the event that the external
wing tank must be jettisoned, the EMER JETT button is the quickest way to accomplish this. In
addition, the WING TANK switch on the fuel control panel must be placed to "STOP
TRANSFER" to ensure the tank will not feed. Finally, set the bingo bug to 3,500 Ibs. This will
provide sufficient fuel to accomplish the first touch and go and landing should the tank fail to
transfer. Realize that at bingo the fuel guage "TOTAL LBS" window will show approximately
7,600 Ibs; 3,500 Ibs of internal fuel plus the 4,090 Ibs of unused fuel in the wing tank.

4. Taxi.

Note the effects of an asymmetric load on the taxi characteristics and qualitatively evaluate
controllability. Items to note include ease of tracking the centerline and acceleration/deceleration
effects.

5. Takeoff.

Perform a military power takeoff in accordance with the flight manual recommended procedure,
using the normal takeoff trim setting. Avoid abrupt pitch inputs and be prepared to counter wing
dip at lift off. Note handling qualities effects during the takeoff roll, liftoff, and climbout.

6. Selected Data Points.

Data will be acquired at selected test points using the flight test techniques described above, as
defined in MIL-HDBK-244, paragraph 6.2.1.7.6.2. These points have been selected to provide a
maximum exposure to the CFP profile with the limited fuel available. Between points, note the
speed stability during the acceleration to the next point. The pitch trim should not be changed
during this evaluation, although the automatic trim feature of the flight control system may mask
some of the effects of acceleration/decelerations and configuration changes.

a. Data Point #1 - 15,000 ft MSL, 350 KCAS. This is a typical CFP "heart-of-the-
envelope” starting point. Perform a flying qualities full data set (CAS on and off) and a loads full
data set to 80 % of the test limits. Complete the test point with a throttle chop.

b. Data Point #2 - 20,000 ft MSL, 200 KCAS. This is an investigation of aircraft flying
qualities (MIL-STD-1797A) with an asymmetric store at high angle of attack in the CR
configuration. Perform only with CAS on. While applying aileron trim to maintain wings level,
slow the aircraft to the speed corresponding to full lateral trim opposite the store (cease trimming if
21 units AOA is reached prior to full lateral trim). Without further trimming, continue to slow the
aircraft to increase the AOA in one unit increments until 25 units AOA or 3/4 lateral stick travel
from ground neutral is reached. Use rudder to maintain the ball centered and ailerons to maintain
the wings level throughout the maneuver. Note the sideslip angle, rudder required, and aileron
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required as the AOA is increased, and the F-15 Aileron Rudder Interconnect (ARI) effectiveness in
this configuration.

c. Data Point #3 - 20,000 ft MSL, Airspeed as Required. This is an investigation of
aircraft flying qualities in the PA configuration. It demonstrates the nature of the asymmetric
stores landing problem and the potential effects of sideslip on approach speed and controllability.

(1) Establish the PA configuration, noting trim changes required. While applying
aileron trim to maintain wings level, slow the aircraft to the speed corresponding to full lateral trim
opposite the store (cease trimming if 21 units AOA is reached prior to full lateral trim). Note the
airspeed for use in the touch and go evaluation, and the fuel weight.

(2) Perform a flying qualities full data set (CAS on and off), except for steady
heading sideslips and maneuvering flight.

(3) Slow the aircraft to establish 25 units AOA with the CAS on. Make gentle
turns (20 -30° bank). Note the cross-coupling (o trading with 8) that occurs during turns.

(4) (Optional) Reestablish a 21 unit AOA simulated approach with approximate-
ly 700-800 ft/min descent rate with the CAS on. Pull the engine opposite the wing tank to idle, and
perform a go-around with the heavy side engine in afterburner. Note the handling characteristics
and the ARI effects during this maneuver. Ensure the aircraft is below 20,000 ft MSL to avoid
Region II afterburner operation.

d. Data Point #4 - 30,000 ft, 0.9M. This is a typical build-up point for a CFP. Perform a
flying qualities full data set (CAS on only, to save time and fuel) and a loads full data set to 100
percent of the test limits. Complete the test point with a throttle chop.

e. Data Point #5 - 520 KCAS and 1.3M (altitude will be approximately 30,000 ft MSL).
This is a typical end point for a CFP. The objective is to hit the KCAS and Mach simultaneously.
One technique to achieve this is to accelerate to the mach number a couple thousand feet above the
anticipated altitude and then descend at constant mach until the KCAS increases to the desired
airspeed. Open the air refueling door prior to this test point to prevent the wing tank from feeding.
Perform a flying qualities full data set (due to TPS limits, perform with CAS on only) and a loads
full data set to 100 percent of the test limits. At the completion of this point, accomplish a throttle
chop and trim change with speed brake evaluation. Close the air refueling door prior to
descending.

CAUTION
Descending faster than 10,000 fpm with the air refueling door
open could collapse the wing tank.

7. Straight In Touch and Go.

Using the previously computed approach speed for 21 units AOA, perform a touch and go at
Edwards AFB. The straight in will be flown at 18 units if the tank is partially full (more than
500 Ibs has fed). Use rudder to keep the ball centered. Observe handling characteristics, sideslip
angle, and flight control inputs required (review flight manual procedures for expected handling
qualities with asymmetries during approach, landing, and rollout). These observations will be
compared to landings once the tank has been fed. At the completion of this point start feeding the
external tank.
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CAUTION
Avoid large or abrupt pitch inputs. During the flare to
landing B increases approximately 2° for each 1° of o increase.
Consequently, rapid o increases above 21 units can result in a
large yaw rate developing just prior to touchdown.

8. (Optional) Speed Soak. (500 ft AGL min, lesser of 550 KCAS or 0.9M).

Duration is usually limited in this TPS sortie to the time it takes to feed the external wing tank.

9. Drag Characteristics Investigation Subsonic.
Accomplish after transferring the wing tank fuel. Repeat 6a, data point #1, 15,000 MSL,

350 KCAS. Perform a repeat of the flying qualities full data set (CAS on only, to save time and
fuel) and the loads full data set to 100 percent of the test limits to compare tank empty flight
characteristics with tank full flight characteristics. To save time and/or fuel, not all maneuvers
need be repeated.

10. Drag Characteristics Investigation Transonic.
Perform a level acceleration at 20,000 ft. MSL from 0.9 Mach to 1.10 Mach to examine

asymmetric drag effects without any fuel in the tank. Use rudder to keep the ball centered and note
rudder available during the maneuver. Note the differences with the ARI inoperative (the ARI is
inoperative when supersonic).

11. Straight-In Full Stop.
Fly a straight-in approach observing handling characteristics and flight control input changes from

an asymmetrically loaded aircraft.

12. Debrief.
The student should be prepared to debrief the FTT's flown with respect to desired tolerances, as
well as observations of the flying qualities and cross-coupling effects.

INSTRUMENTATION/DATA REDUCTION:
VTR, tape recorder, stopwatch, etc., as desired.

REPORT: (IAW "TPS Reports Requirements," Test Management Phase Planning Guide).
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SECTION 1
INTRODUCTION

The Systems Test Phase Planning Guide is an aid to the student to assist in planning
the systems phase test flights/evaluations at the USAF Test Pilot School (TPS). It
provides the student up-to-date information regarding these missions.

This phase is an introduction to the fundamental theory, flight test techniques (FTTs),
and test management considerations used to design, build and evaluate current
systems. The flying and academic training are closely integrated and provide both
practical and realistic learning experiences. During this phase, students will be
exposed to a wide variety of aircraft and related systems, thereby broadening the test
pilot/ navigator/engineer's base of experience. It will also provide an opportunity to
tie together and apply flight test skills already learned in the previous phases into an
overall systems evaluations of an aircraft.

The magnitude, complexity and importance of systems test can be better appreciated
when we consider these tests include weapons, electronic countermeasures,
communications, navigation, egress, environmental control, flight controls, fire control
systems, engine, instrument and crew station analysis, plus support and test
equipment for these systems. Systems testing not only includes evaluation of
individual aircraft systems, but the integration of these systems into the airframe and
with each other to maximize operational effectiveness. Systems testing is a major
portion of all current aircraft flight test programs.

The one constant in systems testing is that new systems have improvements in
technology for which there may not exist a "standard" test method or technique. The
test team might be inclined to build a test approach based on how it was done on
similar systems or simply test against contract specifications.

Rather than use this limited approach, the test pilot and flight test engineer/navigator
(FTE/N) should approach systems testing by trying to answer the question: "What are
the goals of this system and how well does the system meet these goals?" The
expected performance for any system should include goals for operational suitability,
reliability and maintainability and systems integration, in addition to measuring how
well a given system meets its technical specification. This important phase of flight
test places the greatest demands on the technical competence, ingenuity, aggressive-
ness and managerial skills of the test pilot and FTE/N. Remember, technical
competence is directly related to how much time is devoted to researching a given system.
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A test team must become an expert on the "nuts and bolts" of that system's operation
as well as the operation of similar systems. The impact of any aircraft system on
other aircraft systems (systems integration) must also be closely monitored.

Because the majority of all flight testing is directly related to systems test, graduates
of the USAF TPS should expect to spend the majority of their flight test career in this
area and should endeavor to develop the strongest foundation possible in order to
contribute to this portion of the test environment.

FLYING:

The Systems Test Phase flying curriculum provides demonstration (demo) and
practice of flight test techniques (FTTs) and profiles, data missions and qualitative
evaluations (qual evals) of a wide variety of aircraft and their systems. The aircraft
used in this phase are the F-15, F-16, NC-131H, T-38 plus guest qual aircraft selected
to present various sensor and display systems unavailable in TPS aircraft. Students
will be exposed to a wide variety of aircraft systems architectures, including those
with modern, "glass," multi-function display cockpits and highly integrated avionics,
as well as aircraft with older, partly-integrated or non-integrated avionics suites.
Students will also operate a variety of airborne sensors and displays such as infrared
optics, television optics, radar systems, and heads-up displays. Weapons delivery
systems will be used with practice or captive ordinance when resources permit.

The flying in the Systems Test Phase will be the most enjoyable flying of the TPS
curriculum! You will have an opportunity in the next 3 months to fly a greater
variety of aircraft and a greater variation in mission profiles than you will ever be
exposed to again. Enjoy it! Your greatest effort during this phase should be directed
toward ensuring that you are prepared for each flight. If you are not fully prepared,
take yourself off the flying schedule. Your learning during this phase, particularly in
the flying area, will be directly related to the amount of effort you put into it.

GRADING:

Pilots will be numerically graded on the F-16 Systems Evaluation mission. FTEs will
be graded on their performance as a test manager in the telemetry room during the
F-16 Structures flight test technique (FTT) mission. FTN's will be graded during the
FTN Systems Evaluation. Grading criteria are contained in the mission description

for the applicable sortie in Section III.
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REPORTS:

Systems phase missions may require informal reports such as Initial Flight Test
Reports (AFSC Form 5314), letter reports or more formal Written and Oral reports.
The type of report required for each mission is listed at the end of each mission
description in Section III. Also, consult the Test Management Phase Planning Guide,
"Reports Requirements" section for additional instructions for each report.
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SECTION I1
OBJECTIVES AND LIMITATIONS

OBJECTIVES:
The desired learning outcomes of the Systems Test Phase flying curriculum are:

1. To ensure that the student test pilot and FTE/N has a working knowledge of
techniques for test major aircraft avionics systems.

2. Toincrease the student test pilot/engineer's flight test capabilities by broadening
his or her systems base of experience. Exposure to a wide variety of types of systems
as well as a variety in sophistication of systems is desired.

3. To expose the student test pilot/engineer to the latest developments in the
systems field and provide an insight into future systems and systems testing.

LIMITATIONS:

1. Systems testing may require the use of an airborne target. Follow test plan
restrictions, or if using aircraft from other Major Commands or Services, the owning
unit's safety regulations (whichever is the most restrictive).

2. Surface targets may also be used during systems testing. Refer to Air Force
Flight Test Center (AFFTC) Regulation 55-2 for use of surface ranges at Edwards
AFB. Follow local regulations at other locations.

3. Low level navigation routes may be used during systems testing. Refer to
AFFTC Regulation 55-2 or local regulations as applicable.

4. Systems Qual Eval flights will be conducted under the broader Qual Eval
programs described in the Test Management Phase Flanning Guide. See that
document for restrictions during Systems Qual Evals.

5. Additional limitations applicable to individual curriculum missions are addressed
in the specific mission descriptions in Section III.
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SECTION III
SPECIFIC MISSION REQUIREMENTS

This section contains guidance for specific curriculum missions. Additional missions
may be added as Systems Qual Eval flights.
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HUMAN FACTORS COCKPIT EVALUATION

REFERENCES:

1. MIL-STD-1472C, Human Engineering Design Criteria for Military Systems,
Equipment, and Facilities.

2. MIL-STD-203G, Military Standard, Cockpit Controls, Location and Actuation of,
for Fixed Wing Aircraft. }

3. MIL-A-8806, General Specification for Acoustical Noise Levels in Aircraft.

4. MIL-STD-411E, Military Standard, Aircrew Station Signals.

5. AFGS 87240A, Lighting Equipment, Airborne Interior and Exterior.

PURPOSE:
1. To qualitatively evaluate the crew station of a specified aircraft for its primary
mission.

2. To practice supporting recommendations and conclusions through the written
word.

ATRCRAFT:
As assigned.

GENERAL:

1. The purpose of conducting a cockpit evaluation at TPS is to acquaint the student
with the evaluation of human design requirements as related to aircraft testing.
Because the cockpit is most often the focal point of the man-machine interface, it is
the area which should normally receive maximum emphasis in human engineering
design. Unfortunately, many individual cockpit items receive little to no emphasis
concerning crewmember accommodation or compatibility. Not until all cockpit items
are assembled into a mock-up or into an actual cockpit do many significant human
engineering design deficiencies become identifiable. Thus, human factors flight test
can be extremely important in determining the final design of the cockpit. However,
correcting deficiencies this late in the development of an aircraft is extremely
challenging since design changes during flight test can be prohibitively expensive,
timeline constrained, or technically difficult to implement.

2. Regardless of an aircraft's performance and flying qualities potential, the aviator
in the cockpit is the conduit through which its potential is processed into reality.
Important variables which control this process are (1) the capabilities and limitations
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of the aviator, and (2) the cockpit integration and design interface that link the
crewmember and the aircraft to one another.

PREPARATION:

1. Flight manual study and discussion with pilots/engineers experienced with the
aircraft are essential starting points for this exercise. Become familiar with the
aircraft normal and emergency procedures, and choose an appropriate mission(s) to
define the scope of your human factors evaluation. Plan to evaluate the crews' ability
to perform the chosen mission. Also, establish "worse case" events such as degraded
system operations and in-flight emergencies that may occur during a flight. The
crewmembers ability to interface with the aircraft to adequately perform the mission
or return the aircraft safely under these scenarios should not be overlooked.

2. Subjective opinion will play a dominant role during human factors evaluations.
However, one pilot's opinion is not necessarily the truth. Before you take a stand,
consult with others. Don't be the only one in the world that has your particular
opinion (unless your absolutely right). History is full of instances where the design
engineer has had to flip flop on a design change because he listened to only one pilot
or to the loudest, most dominant pilot, instead of seeking a consensus.

THE EVALUATION:
1. General Guidelines.

a. Go through normal and emergency procedures in full flight gear with all team
members. The entire crew station should be evaluated. Concentrate on human
factors concepts such as tactile cues, functionality, utility, correct operative sense, and
feedback.

b. Narrow your focus as problem areas or outstanding features are encountered.
Use your crewmember expert to help explore these areas in depth.

c. Consider corrective action that could be done to correct problem areas.
However, don't ignore the problem if the solution is not obvious. Let the design
engineer come up with the actual solution. Your team should only recommend
possible solutions.

d. Prioritize your deficiencies. Realistically all will not be corrected. Determine
which items need to be corrected now, which can wait, and which can the aircrew live
with.

e. Report on the most critical items. A complete report would go beyond the
boundaries set for this exercise. Stay within the limits!
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2. Areas to evaluate are listed in this section's attachment. Additional material that
might be helpful in your evaluation is presented below.

3. Anthropometry.

a. Body sizes vary considerably. Detail aircraft specifications generally require
cockpits to accommodate 5th through 95th percentile sized aviators for older airplane
cockpits and crew stations (prior to 1970) and 3rd through 98th percentile in newer
cockpits (since 1970). One might assumed that if their body measurements, such as
height and weight are 50th percentile (average) that all his dimensions will be 50th
percentile; this is not true. Uniformity in body dimensions is very rare. Only by
knowing your own various percentile ranks can you make relative judgments as to the
overall anthropometric accommodation of a particular cockpit.

b. If measurements are taken during the evaluation, insure your reference point
is valid (reproducible). Two common reference points are the design eye point (DEP)
and the seat reference point (SRP). The DEP is the most commonly referred to
reference point. The DEP is the point in space where the pilot's eyes should be able
to see all displays and have adequate exterior vision. To physically locate the DEP,
two other reference points need to be defined.

DEFINITION: Seat Reference Point (SRP) is a centerline intersection of the
seat back tangent line and the seat surface.

DEFINITION: Neutral Seat Reference Point (NSRP) is the location of the SRP
when the seat is adjusted to the midpoint of vertical adjustment.

The DEP is then defined as the point in space located at the sitting eye height
dimension of the 50th percentile aviator measured vertically above the NSRP and 13
inches measured horizontally forward of the seat back tangent line.

c. Adjusting the eyes to the DEP before making anthropometric evaluations is
more critical now than ever with the increasing emphasis on heads-up displays and
other optical devices which require strict adherence to line-of-sight criterion. Realize,
however, the DEP may not be where most crewmembers are comfortable sitting for
a specific mission. For instance, a fighter pilot tends to sit as high as possible to
increase visual lookout. Also realize all postural measurements are subject to wide
variance due to fatigue and individual differences in regard to time spent in any one
position. Thus, these non-DEP sitting positions are just as important as the DEP
itself. In the case where the DEP and normal sitting positions do differ, data from the
DEP would be used for contractor compliance. The data from the normal sitting
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positions would determine mission suitability. Finally, measurements by themselves
will not tell your story. They just make nice charts. Measurements should be used
when comparisons are needed or when good or bad characteristics of a cockpit layout
are documented .

4. Controls Design. Controls must meet various design criteria to be satisfactory.
These criteria include, but are not limited to:

a. Proper Location. The criticality of control functions establishes its priority of
location within a crew station. The most important controls should be the easiest to
reach and manipulate. For example, an emergency stores jettison button ought to be
placed where the crewmember can use it quickly and easily. Additionally, controls
should never be located such that the hand or arm manipulating the control is in the
line of sight required to see its effect on a display or to see its setting.

b. Natural Direction of Motion Relationships. Actuating controls like a toggle
switches forward, outboard, or up should turn systems on. Turning rotary controls
clockwise should increase system output. Standard direction of motion relationships
should be adhered to in all control actuations. Additionally, controls should
correspond to the display being adjusted. In other words, the left most knob of a
control set should effect the left most display controlled by that set.

c. Shape Coding. Controls which may require manipulation without direct visual
monitoring should feel different to the touch if they are near controls of dissimilar
systems. Hands on Throttle and Stick systems are prime examples of shape coding.

d. Inadvertent Actuation. Controls which can be activated incorrectly should be
designed to prevent such activation either by electronic circuitry or mechanical
guards. Proper safeguards should be in place to prevent inadvertent actuation of
controls which might be caused by clothing items or personal equipment, such as
survival vests, flotation devices, or checklists. Controls that you may want guarded
include: fuel shutoff, fire extinguishers, jettison buttons, sensitive emitters, etc.

e. Actuation Feedback. Controls should have proper tactile cues or visual cues
relative to actuation. One should "feel" or "see" the click of a toggle switch or push
button without necessarily hearing it. This was identified as a problem for the touch
sensitive Multi-Function Displays during the . advanced tactical fighter (ATF)
development. Controls should have the proper resistance and range of displacement

as specified in Reference 1.

5. Displays Design. The content and format of displays should be limited to essential
information and should not require mental computation or translation to be usable.
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There must be provisions within displays to alert an operator to display failure if the
failure is not immediately obvious. The location and arrangement of displays shall
be assigned priority relative to importance for normal and emergency operations.
Other criteria, such as viewing distances and grouping should also be considered.

6. Labeling. Items of equipment which must be identified, manipulated, or located
should be adequately labeled to permit efficient human performance. Blueprints
which illustrate control panels often portray a straight-on-view. However, when the
control panel is installed in a cockpit, it is quite frequently offset from direct line of
sight of the crewmember using the panel. The three dimensional line-of-sight offset
often results in labels (numbers, ON/OFF legends, or other nomenclature) being
obscured by the very controls to which they are related. It is important to evaluate
labeling legibility in low ambient light conditions as well as in daylight. If an items
must be labeled for normal daylight use, it should be legible at night. Night Vision
Goggle INVG) capable aircraft should have the labelling evaluated for both NVG and
normal night lighting modes.

7. Environment. A complete evaluation of the environment is not practical for this
exercise. However, different areas to evaluate are presented for reference.

a. Heating, ventilation, and air conditioning should be evaluated if a complete
human factors evaluation is to be conducted. Hand-held instruments can be used as
well as fixed thermocouples to measure the temperature as well as the relative
humidity. Specifications generally require an Environmental Control System (ECS)
to maintain between 60 and 80 degrees F ambient temperature in a crew station and
10 degrees F maximum differential between head and foot level. '

b. Interior ambient air should be sampled throughout the flight regime or mission
profile of any aircraft. Carbon monoxide or other toxic fumes are potential hazards,
particularly during operations such as taxiing downwind, gun or rocket firing, and
during refuelling operations when directly behind a tanker.

¢. Noise is the most serious and persistent problem among those working in and
around aircraft. The maximum allowable noise limits relative to aircraft type are
described in Reference 3. It should be recognized that high noise levels of less
intensity than those specified as physically damaging to hearing can produce human
fatigue and degrade an aviator's effectiveness. Also consider intermittent impulse
noise proElems, guns, bombs, rockets, infrequent hydraulic actuators, etc.

d. Various levels of instrumentation are available in evaluating the acoustical
environment ranging from small pocket sized decibel meters to sophisticated type
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recording devices that record noise samples which can be analyzed in detail for
various frequency bands. When conducting an interior noise survey, exercise any
equipment which may increase the acoustic level, such as air conditioning or
defogging systems, heater blowers and air vents.

8. Lighting.

a. Often, there is little emphasis on the evaluation of a cockpit's illumination
system. Typically, during night flights, general lighting observations are made by
crewmen who are busy flying or conducting other airborne tasks, thereby overlooking
possible lighting deficiencies. If serious deficiencies are suspected, push the test team
to formally evaluate the aircraft's lighting system. For this exercise, a complete
lighting evaluation may not be possible since the aircraft will more than likely not be
blacked out nor be in a dark hanger.

b. In a lighting evaluation, all lighting schemes should be evaluated. Check the
lighting at all intensities and under different lighting conditions. Probably the worst
case scenario for lighting is at dusk flying towards the west or at dawn flying towards
the east. Listed below are some helpful hints for doing a good lighting evaluation.

(1) Do the evaluation in appropriate flight gear.

(2) Cover the canopy with an opaque cover to prevent ambient light from
entering. This allows you to conduct the evaluation day or night.

(4) Accomplish the test at the DEP and where you normally fly.

(5) Make sure your eyes are adjusted to the dark (10-15 minutes).

(6) Evaluate all lighting modes (normal, NVG, emergency, etc.)

(7) Look for brightness imbalances, glare, and reflections that might effect a
crewmember. |

(8) Use a tape recorder. Writing usually requires light and this light might
effect your night vision. _

(9) Evaluate the legibility of labels, visibility of controls, etc. For example, blue
lit labels may be difficult to focus on and to read if the lettering is too small.

(10) Test at dusk or dawn at various sun angles.

LIMITATIONS:
1. Three hours cockpit time maximum.

2. The ground evaluation will be conducted under daylight conditions using ground
electrical power.
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3. Ensure that all ejection seat and canopy jettison safety pins are in place prior to
entering cockpit. Leave the pins in place throughout the evaluation.

4. DO NOT evaluate the emergency ground egress procedures. Do not evaluate
nonstandard or special test instrumentation, missing items, or old worn out labeling.
Do not evaluate how well the various systems function.

5. Use normal everyday flight gear for this evaluation.

ADMINISTRATION:
1. Preparation.

a. The student will accomplish a quick review the Dash 1(if available),
concentrating on sections two and three. A minimum of two days prior, coordinate
with your POC: ensure the aircraft has been scheduled for the cockpit evaluation;
ensure ground power has been requested; ensure an experienced aircrew will be at the
aircraft; obtain a flight manual and aircrew checklists (if needed); and develop a plan
of action for your 3 hours at the aircraft. If photographic support will be available,
coordinate the meeting location for the photographer and your team.

b. Anthropometry. You should have already completed anthropometric
measurements earlier in youf school year. Of those measurements you received, some
of the more important dimensions relative to aircrew station design are: Total sitting
height, sitting eye height, sitting shoulder height, bideltoid breadth (shoulder width),
functional reach, fingertip reach and buttocks-to-knee length.

c. Discussions with pilots experienced in the mission being evaluated is very
important part of the preparation for this exercise. You may have little or no
operational experience in the design mission of your aircraft, so take this opportunity
to learn the aircraft's mission requirements from these crewmembers. For this
evaluation, you may use comments from expei'ienced crewmembers to support your
conclusions.

2. Ground Evaluation.

a. For this ground evaluation, concentrate on normal and emergency procedures
under daylight conditions. The MIL-STDs listed as references should only be used as
a guideline for good human engineering design practice and terminology. For this
exercise, there is no desire to grade the cockpit against the military standards.

b. Actuate (or simulate actuating) switches, dials, etc while going through normal
and emergency checklists. Use crew concept with your team mates, if applicable.
Concentrate on those areas listed in this section's appendix.
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c. Use a protractor and tape measure to quantify anthropometric and field of view ‘
deficiencies. Remember, do not measure for measurement sake. Measure to
document deficiencies, outstanding features, or comparisons.

d. Discuss observations among the team.

3. Post Ground Evaluation.

a. Consolidate your notes, list the deficiencies you discovered with the problems
they would cause, prioritize the deficiencies. Talk over your observations with
someone who is familiar with the aircraft/mission to see if you are on the right track.
These actions will help you when you write your conclusions and recommendations.

b. Coordinate with the photographer, the date when pictures will be ready.

INSTRUMENTATION:
1. Tape recorder (if desired).

2. Tape measure.
3. Protractor with string.

4. Data cards (note pad). ‘

REPORT:
1. This is Pass/Fail Technical Letter Report.

2. Prepare IAW "TPS Reports Requirements," Test Management Phase Flanning
Guide.

3. Use attachment 1 as a template.

4. Do not go over your page limit
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HUMAN FACTORS COCKPIT EVALUATION
OF THE

XXXX

{NAME}
CAPTAIN, USAF
PROJECT LEADER
USAF TPS CLASS XXX

DECEMBER 1994

Human Factors Cockpit Evaluation Appendix
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MEMORANDUM FOR USAF TPS/EDS 19 Dec 94
FROM: USAF TPS/EDx (Names of group members)

SUBJECT: USAF TPS-TLR-XXX, Human Factors Cockpit Evaluation of the XX-XX

1. INTRODUCTION
a. Background

- Describe this report as a limited human factors cockpit evaluation of the XX-XX
aircraft

- State location, dates, and scope of test:
Location =
Date =
Ground Eval-Power Off = Hrs
Ground Eval-Power On = HrsFlights (# sorties/hrs) =
Test Conditions =
(Night/Night with FLIR/Day/Etc) ‘

- Describe the aircraft mission(s) that are pertinent to your evaluation. Consider:
-- Gnd Ops
-- Take-Off/Landing
-- Navigation (Deployment/Redeployment/Instrument Flight)
-- Specialized Mission (Air to Air, Air to Gnd, Bomb, etc)

b. Test Item Description
- Along with a brief general description of the aircraft, include a description of
aircraft systems. Describe briefly all avionics systems evaluated. Don't regurgitate

the Dash-1! List these systems and other aircraft systems in Table 1.

c. Test Objectives

Human Factors Cockpit Evaluation Appendix
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- Short and concise.

- Limited in scope so TLR will answer the objectives:

2. TEST AND EVALUATION: Evaluate and discuss the following areas if applica-
ble for your aircraft.

a. DISPLAYS

(1) VISUAL DISPLAYS: Describe the primary displays (Table 3).
HUD
MFD
Engine Instrument
ADI
NAYV display
Comm displays

- How well do the displays integrate to perform a mission (IMC, low level, bomb-
ing, airdrop, etc)?

- How do you know the status of critical safety items? (Weapon Arming, being off -~
required parameters, emergency situations, etc)

- Display measurements: Tabulate angles and distances from design eye to center
of each Critical/Primary Display. Make conclusions on positions.

- Display Illumination and Color: Type, color, and balance.
-- Control separation between background video & symbology
-- Rheostat Range
-- Adequacy
-- NVG compatible
-- Day/Dusk/Night suitability

- Display grouping logic - mission/emergency, etc.

- Conclusion & Recommendation considerations:

-- Do displays provide adequate information for IFE/day/mnight/IMC/combat
conditions?

-- Can they be better - how?

-- Comment on effects of workload/performance/mission accomplishment &
survival.

-- What errors can you expect from deficiencies noted?

Human Factors Cockpit Evaluation Appendix



(2) AURAL ANNUNCIATORS/CONTROLS

- Voice
-- Frequency (Hz)
-- Synthetic voice (Male or Female)
--- How big is the vocabulary
-- Problems with normal noise attenuation devices? .
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- Number and types of Different Cues
-- Growls, beeps,squeaks, volume changes, etc
-- Volume control (Confusion?)

- Stereo Cueing

- Radios
-- Number/Priority
-- How do you know who's talking/who you are talking too? (i.e. which radio)
-- How well do you know what frequency your on?

- Intercom system
-- Ease of use
-- Fidelity/separation in volume controls
-- Failure modes
-- TEMPEST secure?

- Conclusion and Recommendation considerations:

-- Do displays provide adequate information for IFE/day/night/IMC/combat
conditions?

-- Can they be better? How?

-- Comment on effects of workload/performance/mission accomplishment &
survival.

-- What errors can you expect from deficiencies noted?

(3) MISCELLANEOUS ANNUNCIATORS
- Pedal Shaker
-- When does it initiate
-- What if feet are not on pedals?
- Seat Kicker
- Head Knocker (A-7)

- Conclusion and Recommendation considerations:

Human Factors Cockpit Evaluation Appendix
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-- Do displays provide adequate information for IFE/day/night/IMC/combat
conditions?

-- Can they be better? How?

-- Comment on effects of workload/performance/mission accomplishment &
survival.

-- What errors can you expect from deficiencies noted?

b. CONTROLS

- Describe the controls and actuating devices evaluated
-- Side Stick
-- Center Stick (Which is better? Why?
-- Throttle
-- HOTAS - Picture/Diagram with function from -1 or -34
-- Flaps (Standard shape/location?)
-- Gear (Standard shape/location?)
--- Speed brake (Standard shape/location?)
-- NAV/COMM Controls
-- Up Front Controls
-- Master Controller
-- Master Fire Control/Navigation Panel..etc
-- AAR Door
-- Fuel Switches
-- Boost Pump
-- All Emergency Switches (EPU, Fuel Master, Gen etc)
-- Unusual Activation
--- Voice
--- Head Steered
--- Automatic Control
--- Light
--- RF, ete

- Is there quick access to frequently changed settings (radios, altimeters, courses,
headings, etc)?

- Are menus well organized and logical from an aircrew perspective?
- Are there menu driven items that should have their own dedicated controller?

- Are there dedicated control heads that could be integrated into the menu driven
integrated system?

- Control Measurements
-- Center of Seat to each Control (Angle and Distance in cm)

Human Factors Cockpit Evaluation Appendix
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- Conclusion and Recommendation considerations:

-- Do controls provide adequate information during IFE/day/night/IMC/combat
conditions?

-- Can they be better? How?

-- Comment on effects on workload/performance/mission accomplishment &
survival.

-- What errors can you expect from deficiencies noted?

c. ANTHROPOMETRICS/BIO-MECHANICS

- Cockpit Dimensions (CM)(Tables 3 & 4)

-- Rail to rail

-- Seat pan to closed canopy (seat full up and down)

-- Design Eye Box

-- Rudder pedals (leading edge of seat to full aft & fwd)

-- Distance to ejection handles (seat center to handles)

-- Distance and direction to control stick-full forward, AFT

-- Distance and direction to throttle Cut-off to MAX

-- Distance from seat center to major displays MFD/HUD/ADI/Eng Con-
trols/Com/Nav, etc

-- Distance to gear handle, hook, etc

-- Distances & direction to all emergency switches

-- Other as you deem appropriate (Mission essential)

- Evaluate locations versus reachability.

- Bio Mechanics
-- Estimate by trial/gages if possible. Force required to activate following
controls. (Too Hard & Too Little?)

Rudder Pedals

Stick Pressures

Gear Lever

Hook

Any other difficult switches
Any other critical controls

- Conclusion and Recommendation considerations:
-- Does the cockpit layout provide for an adequate environment during
IFE/day/night/IMC/combat conditions?
-- Can they be better? How?
-- Comment on workload/performance/mission accomplishment/survival effects.
-- What errors can you expect from deficiencies noted?

Human Factors Cockpit Evaluation Appendix
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d. AVIONICS INTEGRATION/AUTOMATION
- Describe which systems are integrated.
- Which systems are not integrated but could be?
- Are their integrated systems that should be stand alone?

- Diagram of who talks to whom (not detailed, just important mission effects, -34
diagram okay).

- Conclusion and Recommendation considerations:

-- Does the system integration provide adequate information during
IFE/day/night/IMC/combat conditions

-- Can they be better? How?

-- Comment on effects on workload/performance/mission accomplish-
ment/situational awareness/survival.

-- What errors can you expect from deficiencies noted?

e. LIFE SUPPORT

- Ejection Seat
-- Type of seat
-- Capabilities /0, O/50, etc
-- Preflight complexity
-- Activation controls-face curtain (F-4)/T-38 handgrips/F-16 pull
-- Special Features (i.e. pop up pitot tubes - AFTI)
-- Types of pilot/seat connection-no. & type
-- Describe kit-harness

- Egress
-- How difficult is Ground Egress?

- Oxygen Regulator
-- Standard Connection to Pilot O, Hose?

- OBOGG's?

- G-Suit
-- Left or right connection
-- Standard connection
-- How difficult to get off - one hand, no hands
-- G-Suit Pressurization Schedule (Hi flow/low flow)

Human Factors Cockpit Evaluation Appendix
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- Seat Kit
-- How big - standard or smaller/soft or hard cover

- Survival Equipment/Life Rafts
-- Location/ease of access.
-- Sufficiency

- Fire fighting capability
-- Self contained fire suppression for engine starts?
-- Location and type of on board fire extinguishers.
-- Location and effectiveness of smoke masks.

- Positive Pressure CW Protection?
-- How Much
-- Auto, etc

- Specialized Equipment - describe as appropriate
} -- OBOGGS

| -- SEWARS

-- AWARS

-Conclusion and Recommendation considerations:
-- Comment on whether the equipment is standardized.
-- Comment on workload, mission accomplishment and survival.

f. PHYSIOLOGICAL COMFORT

- General

-- Environmental Control - Heat/Air Conditioner/Humidity

-- Seat Comfort
| -- Noise Level/Control
| -- Excrement Provisions
| -- Rest Quarters
| -- Eating Resources
‘ Food & Water

Microwave
-- Cockpit Pressurization - Positive/Negative

- Conclusion & Recommendation considerations:
-- Cockpit too big? too small?
-- Any distances inappropriate?
-- Any controls too difficult/too easy to actuate
-- Any physiological square corners
-- Comment on effects on workload

Human Factors Cockpit Evaluation Appendix
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-- Comment on effects on performance
-- Comment on effects on mission accomplishment & survival

g. ERROR ANALYSIS

- Active Errors (Performance Errors)
-- Normal Operations
-- Emergencies/Contingency Operations
-- Combat Operations
-- Night Operations

- Misinterpretation/Judgement Errors
-- Normal Operations
-- IFE (Telelight Panel etc)
-- Loose Situational Awareness
--- Misprioritization
--- Spacial Disorientation

3. CONCLUSIONS AND RECOMMENDATIONS

- PUT IT ALL TOGETHER! (Recap R&C, no new information)
-- Standardization
-- Workload
-- Physiology
-- Mission Accomplishment (Performance)
-- Situational Awareness

-- Intuitiveness
-- Training
-- Survival
NAME, Capt, USAF
Project Leader, Class XXX
Attachments:

1. Table 1, XX-XX Systems

2. Table 2, XX-XX Display Characteristics
3. Table 3, Anthropometric Measurements
4. Table 4, Cockpit Control Measurements

Human Factors Cockpit Evaluation Appendix
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5. List of Photos ‘

6. References
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REFERENCES

-DASH 1

- MIL STANDARDS

- DASH 1 CHECKLIST

- DASH 34 (if used)

- USAF TPS Human Factors FTT Slides
- USAF TPS Cockpit Evaluation Guide

- USAF TPS Human Factor Class Slides
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LIST OF PHOTOS

PHOTO Cockpit

PHOTO Left Control Panel

PHOTO | Right Control Panel

PHOTO Up Front Controller

PHOTO Ejection Seat

PHOTO Displays

PHOTO Visibility (Canopy Down)

Human Factors Cockpit Evaluation Appendix
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NAVIGATION

Attitude Indicator
TACAN

ILS

VOR

INS

GPS

LORAN

MLS

ADF

Radar Altimeter
Pneumatic Altimeter
HSI

HSD
GCAS/GPWS
Digital Data Base
Moving Map
Color Map
StarTracker

MISSION

HOTAS

Radar

RWR

IR

Low Light TV
Laser Hlum
Laser Designator
NVG Compatible
TISL

Center Stick

Side Stick

Yoke

Aerial Refueling
AAM

AGM

Gun (type)
Particle Beam
Conventional Bombs
Uncon. Bombs (type)
CCIP

Head Targeting
Other (specify)

YES

Table 1

XX-XX Systems

LIFE SUPPORT YES  NO

Ejection Seat
G-Suit

Combat Edge
OBOGGS
SEWARS

C-W Gear
Positive Pressure
Seat Kit
Quick-Don Mask
Life Rafts
Survival Equip (Specify)

COMMUNICATIONS

UHF

VHF

FM

HF

DMDG

IDM

ATM

ATHS

Secure (specify)
Have Quick 1
Have Quick 2
SatCom

Other (specify)
DISPLAYS

Color
Analog
Digital
HUD
MFD
HMD

Human Factors Cockpit Evaluation Appendix

AUTOMATION

Auto Take Off
Autopilot
Pitch
Roll
Yaw
Auto Throttle
Auto Land
Waypoint Sequence
Turn Short
Fly over
Inflight Route Planning
Data Transfer Module
Auto ECM
Auto Chaff/Flare
Positon Updates

Integration (specify)

OTHER SYSTEMS
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XX-XX Front Cockpit Visual Display Characteristics.

Table 2

FRONT COCKPIT

TYPE DIST ANGLE DIM

COLOR

ADJUST

HUD

MFD 1

MED 2

MEFD 3

ENGINE INST.

ADI

COMM (UFC)

MASTER CAUTION

TELELIGHT
PANEL

WEAPONS STATUS

GUN STATUS

TERRAIN FOLLOW-
ING STATUS

AUXILIARY INSTRU-
MENTS

Note: The upper number represents the angular distance from the design eye, with the L or R indicating left or right. The

lower number indicates the angular depression of the display.

Human Factors Cockpit Evaluation Appendix
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Table 3

Tester Anthropometric Measurements

— . _______________

Weight

Stature

Hip Breadth

Crotch Height

Eye Height

Sitting Height

Shoulder-Elbow Length

Elbow Wrist Length

Thumb Tip Reach

Gender- Male/Female

Note: Weight is in pounds, and lengths are in centimeters

Human Factors Cockpit Evaluation Appendix
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Table 4

XX-XX Cockpit Control Measurements

Front Cockpit/ Left Seat Rear Cockpit/ Right Seat
Control Distance' Angle® Distance’ Angle?®
(inches) (degrees) (inches) (degrees)

Stick

Throttle (DLE)

Gear Handle

Hook Switch

Flaps

Rudder Ped Adj

JES Handle

Canopy Handle

Oxygen Reg

Engine Start

Side Sticks

Alt Gear Handle

Canopy Jettison

Stores Jettison
Normal
Emergency

! Distance measured from the seat reference point (SRP) defined as the intersection of the seat back and seat pan at the centerline of the
seat with the seat in the full down position.

2 Angle measured from a vertical plane running through the centerline of the seat to the control, with the vertex at the SRP.

? Negative angles indicate items to the left of centerline as seated in the aircraft.

Human Factors Cockpit Evaluation Appendix
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INTEGRATED SYSTEMS EVALUATIONS
(PILOT, FTE/N)

REFERENCES:

Aircraft Flight Manual.

Systems Phase Textbook, "Navigation Systems," Chapter 2.
Systems Phase Textbook, "Human Factors," Chapter 3.
Systems Phase Textbook, "Radar," Chapter 4.

Systems Phase Textbook, "Electro-Optics", Chapter 5.
Systems Phase Texthook, "Avionics Integration”, Chapter 7.
USAFTPS OI 51-9, Qualitative Evaluation Program.
"ASTTA Demo/Data Sortie Descriptions," this manual.

e A ol i e

PURPOSE:

During certain qual evals flown during the Systems Phase, students will be required
to evaluate the avionics systems onboard rather than the aircraft's performance and
flying qualities. The flight profile outlined in this guide provides a framework for
doing such a systems qualitative evaluation. This is also the framework for the FTN
Systems Evaluation checkride.

ATRCRAFT:
Systems qualitative evaluation aircraft (varied).

OBJECTIVE:

The primary objective of this flight is to evaluate as many of the avionics systems
onboard the aircraft as possible in one flight. Depending upon the aircraft being
flown, it may be impossible to thoroughly evaluate all the systems. In this case, the
student should pick one or two items to concentrate on but still qualitatively evaluate
basic operations of the others.

LIMITATIONS:
1. All flight manual limits/restrictions (as modified by USAFTPS Test Management
Phase Planning Guide) will be strictly adhered.

2. Ground training in the aircraft will be completed IAW USAFTPS OI 51-9.

3. All navigation legs will normally be flown at or above 1,000 ft AGL. Descent down
to 500 ft AGL is authorized for short periods to check navigation system position
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accuracy, update navigation systems, or if it highlights system operation or
limitations.

4. Maximum dive angle for simulated weapon deliveries is 45°. Minimum recovery
altitude for simulated dive attacks are (may be adjusted higher by owning command
or instructor pilot):

PLANNED DIVE ANGLE MIN ALT (AGL)

0-14° 500 ft
16-24° 1,000 ft
25 - 45° 1,500 ft

5. Air-to-air radar tests will be limited to a minimum altitude of 1,000 ft AGL for the
test aircraft and 500 ft AGL for the target. Formation flying will be conducted in
accordance with TPS directives. Aircraft will maintain at least 1,000 ft vertical
separation during intercepts within 10 NM until visual contact. There will be no
head-on (>135 heading crossing angle) co-altitude setups.

6. Applicable portions of the air-to-air and air-to-ground rules of engagement, as
specified in AFMCR 55-7, will be briefed prior to each mission.

MISSION EVENTS:
1. Mission Preparation.
a. In order to prepare a profile for the flight, the student must be familiar with

what systems are on the aircraft. Review the available avionics systems by reading
the Flight Manual, talking to anyone who has previous experience with the aircraft
and/or getting a briefing by the aircrew. The instructors in the Systems Branch will
be able to provide basic guidance.

b. Once you are generally familiar with what systems are available on the aircraft
you will be flying, you should decide which systems you plan to concentrate on during
the evaluation. Develop a sequence of tests to do functional evaluations of as many
systems as possible, but plan to concentrate on the major weapon system during
flight. To aid you in structuring the flight, a set of generic mission cards are provided
at the end of this FT'T. These mission cards provide suggested evaluations that are
appropriate for each phase of the flight.

c. In order to make this type of evaluation as meaningful as possible, ground
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training is essential. A ground training session with someone familiar with operating
the specific equipment on the aircraft will be arranged IAW USAFTPS OI 51-9. This
will normally be one of the aircrew members that brings the aircraft to Edwards for
the evaluation, and a one or two hour training session will be scheduled.

2. Cockpit Fam/Eval.

Prior to flying, a cockpit familiarization/evaluation should be conducted with someone
familiar with the aircraft systems IAW USAFTPS OI 51-9. In addition to providing
a chance to get familiar with switchology, time spent in the cockpit on the ground

should be used for evaluation of the avionics systems as well, if electrical power and
cooling air are available. The following list of items provides suggested areas to
investigate.

a. Human factors: ‘

(1) Is the general cockpit layout logical?

(2) Are there switches/circuit breakers that are difficult to reach? How often
are they needed?

(3) Can all labels be read easily? How about at night?

(4) Are switches easily distinguishable? Are any switches guarded? Is the
guard effective? Can anything on the consoles be turned off inadvertently by route
books/approach plates/a misplaced hand?

(6) Is there enough room to store in-flight pubs/charts/helmet bags/the
maintenance forms?

(6) Are there hand holds for maneuvering? How about when the canopy is
closed? o

(7) If there are keyboards for data entry, can you feel when a key has been
depressed? Is there a way to orient your fingers so you can use it by feel (bumps,
raised keys, etc)?

b. Systems Operations:
(1) HUD
(a) Can the symbology be seen easily in the sunlight?
(b) Does the designed eye position allow adequate head motion? Is this a
comfortable sitting height for seeing over the canopy rails and the aircraft nose?
(c) Are the controls easy to use?
(2) Displays
(a) Are any electronic displays (radar scopes, multi-purpose displays, up-
front controls) readable? What type display are they; CRT, LCD, etc.?
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(b) Are they protected from glare with a hood, glare shield, anti-reflective
coating?

(¢) How do the brightness/contrast controls work?

(d) Are multi-function displays programmable? How easy is it?

(8) Communications equipment

(a) Is it easy to turn on/off?

(b) If there are preset channels, are they easy to program? Can you tell
what frequency is in each channel? How do you know whether you've selected preset
or manual frequencies?

(¢) Where is the transmit switch?

(4) Navigation equipment (TACAN, GPS, INS, OMEGA, etc.)

(a) Is it easy to turn on/off?

(b) Do an INS alignment.

(¢) If it can be used for position updating, how easy is it to program?

(d) How easy is it to tell the machine its present position?

(e) How long does it take?

(f) Can you monitor the alignment status?

(g) Can you interrupt the alignment for taxi?

(h) How do you program steerpoints for a navigation route? Can you
identify points as targets? How do you set up offset points? Do these points integrate
with other displays such as moving maps, the radar, or the HUD via special
symbology, pre-placement of cursors, etc? Are these symbols readily distinguishable
from the other symbology on the displays?

(5) Sensors (Radar, IR, AAI, ECM, RWR, etc.)

(a) Are the controls easy to reach?

(b) Are switches easily identifiable by feel/position?

(c) Are switches marked so that you can tell which marking goes with
which switch?

(d Is the main ON/OFF switch protected so it can't be turned off
unintentionally?

() How operator intensive are the bit checks?

3. Briefing.
The general mission briefing, to include formation responsibilities if applicable, will

be done by the instructor pilot/aircraft commander. The student will brief the specific
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test items for the mission. If a dedicated target aircraft is used, the briefing should
include specific conditions for the target. Using air-to-air TACAN and Mode 1 IFF
codes will aid with target radar identification.

4. Preflight.

If any systems could not be evaluated during the cockpit fam/eval session, try to
complete this task during engine start/taxi. If the aircraft has a quick reaction
(scramble) mission, you may want to exercise this mode of system turn-on/BIT check
if not previously done. Remember that doing a quick INS alignment will normally
give degraded operation which will not only show up in navigation capability but may
also affect any doppler aided radar modes as well. Regardless of what scenario is
used for system turn-on (normal or quick reaction) attention should be given to what
slows down the start-to-takeoff sequence the most; getting the airframe ready for
flight or the systems.

5. Dedicated Air-to-Air Evaluation.

a. Takeoff and climbout. If a dedicated target aircraft is available for an air-to-air
systems evaluation, do a radar trail type of departure (15 to 20 second spacing). Note
how the radar performs in the low altitude, low closing velocity (V,) region while doing
a radar trail departure. Evaluate this capability both while locked-on and in the
search modes. Once established in the climb, lock-on to the target and look at the
cues in the radar display and the HUD. Use this time to get familiar with the
symbology before moving into more dynamic situations. This is also a good time to
do a weapons checks; i.e., look at missile boresights (AIM-9, AGM-65, etc.), intercept
steering cues, gunsight symbology, and missile launch switchology. This is also a good

time to practice doing automatic acquisition lock-ons to get familiar with switchology.

b. Plan to work along Cords Road for all radar tests. If this isn't available, offset
5-8 NM to the north. A line between the north edge of Cal City to the Three Sisters
works well. Use this part of the flight to evaluate the search mode capabilities of the
radar (blip scans), maximum lock-on range and tracking maneuvering targets. Set
up the tests to see both good and bad points in the system; look-up versus look-down,
high altitude versus low, opening and closing velocity, maneuvering and non-
maneuvering test aircraft, etc. Use the instructor's experience with the system to
develop operationally representative set-ups. Other air-to-air systems, if available,
should be integrated into the evaluation, such as IFF interrogators and optical
identification systems. Depending upon the endurance capability of the test aircraft,
a time or fuel limit will be needed for the air-to-air eval if air-to-ground systems will
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also be evaluated on the same flight. This will normally mean that the target aircraft
will be released before it reaches BINGO fuel.
6. Navigation/Air-to-Ground Systems Evaluation.

a. Plan to do this evaluation along the Blue Low Level Route. This route is
approximately 27 minutes long at 420 knots ground speed and has points that can be
used for checking INS accuracy, doing simulated visual bombing attacks, and
simulated radar/E-O system attacks. The terrain varies from flat to mountainous.
If the flight will only involve air-to-ground systems, a longer low level can be flown
by using the Blue Route with the Black Extension. This will add another 10 minutes
to the flight. The low level route should be scheduled through TPS scheduling, or
Current Ops on the day of the flight. Coordinate with SPORT before you step to be
sure they received the request. If multiple bombing attacks are planned, book the low
level for 20-30 minutes longer than it would take to fly it without any delays.
Normally, this eval will be done single ship, but two-ship tactical operations are
authorized if they either enhance the evaluation or serve to better familiarize the
student with the operational mission of the weapon system.

b. This section outlines suggested items to evaluate along each leg of the low level
route. Sample flight cards are also included. These cards are stored in a computer
file in the TPS word processing software, and can be modified for the aircraft flown
to show specific system terminology/switchology. Instructions on how to access this
file will be given during the FTT briefing for this flight, and any questions should be
directed to the Systems Branch. Keep in mind the following ideas and the accompa-
nying flight cards are only suggestions. The wording has been kept as generic as
possible, and switchology and nomenclature will change for each aircraft evaluated.

(1) Enroute to Point 1. Call SPORT prior to entering the low level route and
give them your entry and exit times. Be prepared to give them an estimated time of
arrival (ETA) to the hill at the north end of the Panamint Valley (North Lake Hill;
Point 5) and/or the mine complex on the west shore at Owens Lake (Bartlett Mine;
Point 10). (Note that the turnpoints are numbered for all points along the Blue Route
with the Black Extension, even if the Black Extension isn't used). This info may be
needed for SPORT to deconflict traffic along different low level routes. Use NAV
system steering (INS, GPS, LORAN etc) to locate the turnpoint and get familiar with
the available steering cues; HUD, HSI, ADI, Radar display, etc. Once the point is
spotted visually, overfly the point (500 AGL minimum) and note the NAV system
present position and the time of day. This can be done throughout the flight
(including the dedicated air-to-air portion) to record NAV system errors versus time.
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(2) Enroute to Point 2. After passing the first turnpoint, sequence the
navigation steering to the next turnpoint, unless this happens automatically. If this
is a manual function, it will need to be done at each turnpoint. Use this leg to further
evaluate the steering cues, to include ground speed readouts, and to use the radar for
ground mapping. Look for human factors types of things while using the radar:
antenna elevation control, radar tuning to include ease of reaching/identifying the
controls, and steering and altitude cues on the radar display. There are some power
lines that run approximately perpendicular to the ground track about halfway down
this leg. See if these paint on the radar. Note the NAV system present position once
again when overflying turnpoint two.

(3) Enroute to Point 3. Sequence the NAV steering if needed. Continue to get
familiar with the radar ground mapping capability. About halfway down this leg
climb as needed to get line-of-sight with Searles Lake, the town of Trona and the
Trona Airport. If the system is capable, use the south end of the Trona Airport's
runway (there's only one and it runs approximately north/south) as an offset point for
getting steering information to the turnpoint, which is a group of buildings in the
middle of a triangular shaped series of roads. Follow the steering to see how close it
takes you to the turnpoint. If possible, configure the system to do a simulated visual
update to the NAV system as you overfly the turnpoint. If you are tracking NAV
system errors do not actually update the system. Rather, go through as much of the
switchology as possible to see how easy it is to do. This is not a particularly good
pointyfor getting a NAV system accuracy check, however.

(4) Enroute to Point 4. This next point is a good place to do simulated visual
weapons deliveries, so get the system configured for this. If the evaluation is being
done from a seat that has neither visual bombing capability nor a way to monitor the
delivery (such as HUD repeater), consider not looking at this type of operation. This
would however, still provide a chance to see visual bombing tactics if the evaluator
is unfamiliar with them. Evaluate the ease of configuring the system: selecting the
desired delivery mode, selecting the weapon(s) and arming. If multiple delivery modes
are available, plan to do multiple attacks. Also, if the system is capable of storing a
target's position as it is overflown and giving steering cues to "reattack," try doing this
as a Close Air Support (CASY"Road Recce" type of operation. Note: This radar site
is sometimes used by other aircraft for practice, so be vigilant for possible traffic
conflicts.

(5) Enroute to Point 5. This area (the Panamint Valley) is often used by
various types of aircraft from Edwards AFB and China Lake. As such it can provide
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targets of opportunity for exercising any air-to-air systems. Search at altitudes from
approximately 5,000 ft MSL to 30,000 ft MSL for possible targets. Evaluate air-to-air
systems during this phase of flight from the point of view of how they fit into the low
altitude navigation task: are NAV system steering cues available in the radar
display, does the radar automatically configure for low altitude operation (selects an
appropriate PRF, rejects the side lobe returns, etc.), can radar returns or IFF
interrogations be displayed on other navigation aids such as moving maps or the HSI
to help correlate where they are relative to the desired route of flight? This is also
an opportunity to look at the Radar Warning Receiver (RWR) if any targets are also
using radar. Again note the present position at this turn point. This is a good time
to evaluate the updating mode again if it couldn't be done previously, or to look at
another updating method instead of the visual overflight method (E-O, HUD).

(6) Enroute to Point 10. The next turnpoint is a large building that makes an
excellent radar/electro-optical target. This building can be used either as a simulated
target or as a radar offset for another point that doesn't show on radar. As with the
visual attacks, configure the system for weapon delivery (select the delivery mode,
select and arm the weapon(s)). If the aircraft is nuclear capable, try arming/unlocking
a simulated nuke if conventional weapon switchology was done previously. Acquire
the target with the radar and note the steering cues provided for weapon release.
Repeat the attack using a different delivery mode and/or with an electro-optical
system, if available.

(7) Enroute to Point 11. Configure the radar for air-to-air search at
approximately 80 NM. Airline traffic should be present in the San Joaquin Valley
between about 15,000 ft and 30,000 ft. Continue the evaluation of air-to-air search
capability using multiple aircraft tracking modes, if available. Do another present
position check at the turnpoint.

(8) Enroute to Points 12, 13, and 14. Continue using the air-to-air capability
if required. Once satisfied with this part of the evaluation, switch to terrain
following/terrain avoidance (TF/TA) if capable. Evaluate ease of interpretation of the
radar display, ease of following the manual TF/TA cues and ease of doing the
navigation task while using the TF/TA cues, (is NAV steering available on the TF/TA
display?). Couple the TF/TA system to the autopilot for automatic terrain avoidance,
if able, and see how this affects doing other tasks (is there now time to do more
tasks?). If TE/TA is not available, then climb to 10,000 ft MSL (1,500 AGL minimum)
and evaluate the basic autopilot modes (altitude hold, heading/ground track hold,
automatic navigation). Note how the pilot interfaces with the autopilot to change
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parameters (heading/altitude), to override the system, and to disconnect it. Do a
present position check over both point 12 and 13. At point 14, call SPORT and report
departing the low level route.

7. Approach and Landing.
Setup for an instrument approach. Evaluate the approach guidance cues available in

both the head-up and head-down displays. Use the radar for course guidance as an
alternative/additional task. Note the NAV system present position and the actual
position prior to shutdown.

8. Debrief. _

Debrief with the IP/aircraft commander to discuss your impressions of the avionics
systems and to clarify anything that may still be confusing. Give special attention to
how system operation in-flight compared to expectations gained during preflight
study.

INSTRUMENTATION:
Tape recorder or on-board video/audio recorder (if available).

‘REPORT: IAW ("TPS Reports Requirements," Test Management Phase Planning

Guide). See Test Management "Single Look Qual" for details.
An Individual Daily Written report should be turned into the qual program monitor
within two days of the flight.
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10.

11.

12.

13.

14.

Align coords

ASAT Triangle

Water Tank

RR Junction

Searles Building
OAP-Trona RWY

Ballarat Radar

N. Lake Hill

Bartlett Plant
OAP

Templeton Pk

Needles

Microwave Twr

Emerald Mnt

Shutdown Coords

BLUE LOW LEVEL WAYPOINTS

N

N 34-55.114

N 35-09.92

N 35-29.25

N 35-44.61
N 35-48.2
Brng 360.0

N36-02.04

N 36-23.07

N 36-28.59
N
Brng

N 36-18.83

N 36-06.58

N 35-42.34

N 35.15.00

N
GS

w

W 117-51.909

W 117-51.29

W 117-38.29

W 117-19.50
W 117-19.6
Rng 22900 ft

W 117-16.14

W 117-24.22

W 118-01.86
w
Rng

W 118-12.39

W 118-29.06

W 118-32.52

W 118-15.00

w

INTEGRATED SYSTEMS EVAL

2280 ft
2573 ft
3225 ft

1618 ft
1716 ft

1210 ft
2030 ft

3650 ft

9930 ft
8245 ft
6980 ft

6698 ft
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After Engine Start

1) INS - Align
- Load parking spot coordinates
- Lat
- Long

- Time to Align:

- Ground Speed:
2) Load Steerpoints

At Last Chance

1) Normal Checklist - Complete

2) Select INS Steering to 1st Turnpoint
Bearing/Dist --

3) Set-up Radar for A/A or A/G (as appropriate)
--Az Scan --El Scan

--Range --Mode

4) Note Present Position (F/P) when over ASAT Triangle
N 34-55.114 N 34-
W 117-51.909 W 117-
TIME:_ __  HEADING:

5) Check Weapons Switches

- TAKE-OFF
TIME:

1) Radar Trail (if wingman avail)
--Manual lock-on
--Auto lock-on

2) Weapon System Check
--HUD Symbology: Missiles/Gun
--Missile Seeker-head alignment
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DEDICATED A/A EVAL

D

2)

Search Modes

--Normal, Expanded volume (Track-While-Scan, etc)

--Eval look-up/dwn, PRF's, max range capability, etc.

Auto Acq Modes

--Cycle thru all modes

--Eval ease of switchology, HUD/radar displays when
tracking

--Use during maneuvering flight

LOW LEVEL ROUTE

Enroute to Pnt 1 (Cal City water tank)

D
2)

3)

Call SPORT with entry/exit times

Use INS Steering to find the point: HUD, HSI, radar
moving map, etc.

Note P/P over the tank (500 AGL)

N 35-09.92 N 35-
W117-51.29 W 117-
FUEL: TIME:
TURN: 015°/420 grnd spd

Enroute to Pnt 2 (R/RY)

D
2)

3)
4)

Sequence INS steering to Pnt 2
Eval steering cues

--Note INS Ground Speed readout
Practice with A/G radar use

Note P/P over Pnt B (600 AGL)

N 35-29.25 N 35-

W 117-38.29 W 117-
FUEL: TIME:
TURN: 030°/420 grnd spd
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Enroute to Pnt 3 (Seales Lake)
1) Sequence INS steering
2) Set-up radar for ground map
3) Eval steering cues from radar
4) Observe Searles Lake on radar
5) Observe Trona Airport as OAP
N 35-48.2 } South End of
W 117-19.6 } Trona Runway
1716 ft elevation
From turnpoint: 360 deg True/22,900 ft
6) Climb to 3,200 MSL (1,500 AGL) to avoid airport
7)  Perform simulated overfly update at turnpoint
FUEL:
TURN: 352°/420 grnd spd

Enroute to Pnt 4 (Ballarat Radar)

1) Sequence INS steering

2) Set-up Weapons Release Switches for Simulated Visual
Delivery On Radar Site

3) Perform Simulated Vis Delivery (Use HUD Repeater if
Avail)
Option 1)
Option 2)
Option 3)

4) Mark Location for Reattack (Simulate unplanned, CAS
target) ‘

5) Egress North for Reattack

6) Do Visual Reattack from a random direction

FUEL:
TURN: 327°/420 grnd spd
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Enroute to Pnt 5 (North Lake Hill)

1)
2)

3)
4)

Sequence INS steering

Use A/A Rdr and AAI to look for airborne targets
--Eval Search modes, Track-While-Scan,

Single Target Track, etc.

Note any RWR signals

Note P/P over Pnt 5 (500 AGL)

N 36-23.1 N 36-
W 117-24.2 W 117-

FUEL: TIME:
TURN: 262°/420 grnd spd

Enroute to Pnt 10 (Barlett Mine)

D
2)
3

4)

5)

Sequence INS steering

Set-up radar for simulated Radar Attack

Set-up Weapons Release Switches for simulated release
Option 1)

Option 2)

Acquire Tgt/OAP with radar

--Direct the attack using steering cues from the
radar

--Simulate a level release, 500 AGL, 420 grnd spd
Repeat attack with IR sensor if avail

FUEL:

TURN: 199°/420 grnd spd

Enroute to Pnt 11 (Templeton Mnt)

D
2)

3

Sequence INS steering

Use radar for A/A Search
--Lock-on tgts of opportunity
--Use AAI if avail

Note P/P over Pnt 11

N 36-18.8 N 36-

W 118-124 W 118-

FUEL: TIME:

TURN: 214°/420 grnd spd
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Enroute to Rest of Route ‘
1)  Sequence INS to each point
2) Climb to 10,000 MSL/1,500 AGL (whichever is
higher)
3) Engage Auto Pilot
--Use appropriate modes to navigate to INS steer-

points
--Evaluate ease of crosschecking autopilot perfor-
mance
4) Continue A/A Radar eval
5) Note P/P over Pnt's 12 & 13
Pnt 12 (Easternmost Needle)

N 36-06.6 N 34-
W 118-29.0 W 118-
FUEL: TIME:
TURN: 171°/420 grnd spd
Pnt 13 Microwave Twr)
N 35-42.3 N 34- ‘
W 118-33.2 W 118-
FUEL: TIME:

TURN: 135°/420 grnd spd

After Landing
1) Landing Time:
2) Terminal INS Data:

Actual Location INS Position
N 34- N
W117- A

Ground Speed: Heading:

Shutdown Time:
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F-16 ELECTRO-OPTICS DEMO (P/FTE/N)

REFERENCES:

T.O. F-16A-34-1-1 :

F-16A/B Avionics System Manual for Block Z1A+ or Z1B (as appropriate)
Hughes Maverick Operations Supplement, MAV-M-100-2A-TV Maverick
Hughes Maverick Operations Supplement, MAV-M-1060-3-IR Maverick
Hughes Maverick Video Tape

T.O. 1F-16A-1-3

T.O. 1F-16A-1-4

N o ote m e

PURPOSE:

1. Demonstrate the effect of various targets when viewed at optical and infrared (8-12
microns) wavelengths. The imaging of these targets will be viewed at various
distances, elevation depression angles, and aspect angles from the energy source (heat
or illumination).

2. Evaluate the human factors involved in the mechanization of the Maverick on the
F-16A/B without the ACRIU improvements.

AIRCRAFT:
F-16B with LAU-117's on station 3/7, TGM-65B and TGM-65D or G on stations 3 and
7, respectively; centerline or 2 external wing tanks.

GENERAL:

1. This mission is designed to introduce the student to the differences between visible
and IR sensors in the flight environment. Operationally there are situations where
each has the advantage over the other and thus are employed differently. Because
flight test must test these sensors/weapons to meet operational requirements, it is
important for the tester to understand what targets, run-in angles, and weather
conditions the sensors should be tested in so as to evaluate them properly.
Additionally, the tester should evaluate the mechanization of the sensor/weapon for
workload, common errors that a design may induce, and other human factors areas
as appropriate.
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TRACKING
CROSS HAIRS

VERTICAL
EDGE GATE

BACKGROUND
GATES (4)

VERTICAL \
EDGE GATE HORIZONTAL
EDGE GATE

FIGURE 3.1 GATED VIDEO TRACKER

2. The mission will be flown by pilots, engineers, and nav/WSO's. The student should
thoroughly understand the required switchology to accomplish the mission. Since dif-
ferent weather conditions and time of day may have significant impact on the use of
the visual TV sensor and the IR sensor, the student should be prepared to evaluate
the system taking the existing conditions into account.

LIMITATIONS:
1. Flight manual restrictions will apply to all phases of the flight. The mission will
be conducted within the normal flight envelope.

2. All maneuvering will be conducted above 1500 feet AGL. For momentary periods
as the target is approached, the aircraft may be descended to 1000 feet AGL if it is
required to stay within guidance unit gimbal limits.

3. No simulated weapons will be loaded on the aircraft for this mission to prevent
accidentally dropping the LAU-177 and missile.
Exception: Simulated AIM-9 may be loaded on stations 1/9.

4. Maximum airspeed in visible moisture is 350 KIAS or 0.53 Mach (See Ref 6 and
D.

5. Maximum missile ground power-on time is 15 minutes. Maximum time in the
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Ready Mode (power-on time) for the mission is 60 minutes with 30 minutes in the
Activate Mode (video present). Time limit for missile Ready Mode and Activate Mode
is limited to 35 minutes and 5 minutes respectively if the sustained mach number
exceeds 0.90 Mach. Therefore, stay below 0.90 Mach except for momentary excursions.
The TGM-65B is limited to 3 minutes maximum of video per activation. After this,
a good rule-of-thumb is to leave the TGM-65B video off about three minutes before
video power is reapplied (See Ref 3 and 4).

6. DO NOT attempt to uncage the missile seeker head prior to 3 minutes after power
on as damage may occur to the TGM-65B.

BACKGROUND:

1. Optical TV Sensor

The combined effects of dive angle, sun angle, target contrast, and background level
should be considered when selecting the contrast polarity (B/W, W/B, AUTO). Once
track has been established, the contrast selection remains what it was at track
initiation until the track is broken. AUTO allows the seeker to use the contrast
information in the background gates and tracking window to select either B/W or W/B.
This requires additional time for the track to be completed and this function should
be evaluated by comparing it to operator selection of contrast. Good definition between

target and background must exist on all sides since the TV seeker head uses contrast
edges of the target to define the tracking window (see Figure 3.1). This effect will be
encountered on some of the targets. For some targets a lock-on may not be possible
from some angles. The background gates must be in an area slightly lighter than the
target for B/W or slightly darker for tracking.

Optimum targets for the TV seeker head are those which contrast well with the
background, present an approximately square or round profile to the seeker head, and
are large enough to be visible and identifiable at a reasonable range. A dark target
usually provides the best contrast for a sandy or desert background, while a light
target is best for a background of forest or vegetation. For water targets, the
optimum target contrast is determined by heading and sun angle. Since the TV
seeker head does not see color, targets which appear to the eye as having good
contrast (red tgt on green background) may often appear as nearly the same shade of
gray to the TV camera. Optimum results can only be obtained if the attack heading,
sun angle, and target contrast are considered. Even though many TV seeker heads
have sun shutters to protect them from sun damage, the shutters are often disabled
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in track modes so care must be taken to prevent seeker head damage. At the
completion of each pass exit the A-G mode to remove seeker power.

2. IR Sensor

For the IR seeker head many factors must be considered to ensure target acquisition,
not the least of which is that we humans do not routinely "see" in the IR spectrum
and thus do not always interpret images correctly. Target factors that play an
essential part are all related to the IR energy emitted by the target or other objects
in the area (temperature and emissivities) and the propagation of that energy through
the atmosphere. Not only is the current target area weather important, but the
previous day's weather has a marked effect on the absorbed IR energy from solar
radiation. An example is a target area three hours after sunset following a day of
direct sunlight. Dark metal objects which absorbed solar energy are most likely going
to be warmer than foliage. Following a cool overcast day, the dark metal objects may
very well be cooler than the foliage. Since metal objects in general radiate heat faster
than soil and foliage, at some point the metal object will appear cooler than the soil
and foliage. As the sun rises in the morning the opposite effect takes place. "IR
crossover" occurs at the point of temperature equalization and at different rates for
different types of target materials/emissivities. Cloud cover decreases the rate of
cooling at night and the rate of heating during the day. Surface winds may also effect
the rate of heating/cooling. The type of target has a major affect on the IR signature.
If a target is internally heated, it has a characteristic IR signature which changes
with aspect often due to the location of the motor or exhaust of the target. Target
thermal mass must also be considered as the more mass in the target the slower the
target will change its temperature. Surface composition also affects a target's IR
signature. Targets with higher emissivities appear brighter than lower emissivity
objects at the same temperature. During daylight hours objects that appear visually
lighter than their background will probably appear darker than their background in
the IR display if in "white hot". With the seeker head used in this mission "white hot"
is the only polarity available. Tracking polarity can be changed to hot-on-cold or cold-
on-hot, but hotter is always lighter.

MISSION EVENTS: (Gradesheet, pg A.3)

1. Mission Preparation

Thorough study of necessary switchology for the aircraft and preparation of data cards
facilitating in-flight data note taking is required prior to the brief. Arrange the test
runs in a logical order to make efficient use of time and gas. You're encouraged to ask
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a staff IP or classmate to review your plan. Review of the Dash 34 checklist for
proper preflight and in-flight procedures will be accomplished.

2. Briefing

The IP will brief the general and specific briefing guide to include the preflight of the
missile and suspension equipment, test techniques, and switchology appropriate to the
mission. The student will brief applicable limitations and procedures for jettison,
carriage, and return to base. Call SPORT (before the briefing, if possible) and brief
them on the airspace to be used and any other requirements.

3. Pre-flight
The IP will demonstrate the correct preflight of the TGM and LAU-117's. Ensure the
forward and aft orifices are 4 and 3 respectively (See Ref 1).

4. Pre-Takeoff Checks
After completing all normal checks, including loading the SMS, you will need to check
out the Mavericks on the ground prior to flight. Normally this is accomplished at

EOR, however it may be accomplished in the chocks. The following procedure should
be followed IAW the -34, Ref 1:

Ground Jett Enable - On

RCP Mode Knob - Out of Off

Armament Switch - Sim

A-G Button - Depress

AGM Wpn - Select

SCP Power OSB - Depress (ON)

Uncage Seeker Head - Man Rng Knob Z-axis

Polarity as required - SCP OSB or Cursor slew Z-axis
. FOV change - Man Rng Knob Z-axis

10. Slew seeker head - DSG and cursor slew to tgt

11. Release DSG to command track

12. To change target return to step 9

13. To break track uncage seeker head

jury
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After completing the ground check, power off the TGM-65's and de-select Grnd Jett
Enable. Remember 15 minutes maximum power on time on the ground. It should not
take more than 1-2 minutes after timeout to complete the TGM ground check. The
same procedures should be used for in-flight except that the Grnd Jett enable switch
should be off. Load the required INS points (either manually or via DTC) into the
FCNP for the targets that will be used later in the flight. Figure 3.2 depicts the SCP
and the symbology found that is Maverick specific. Figure 3.3 depicts generic EO
symbology on the REO and what it means. Figures 3.4 and 3.5 are TV and IR seeker
head symbology. Figure 3.6 depicts the HUD symbology in EO A-G mode.
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FIGURE 3.4 TGM-65B SYMBOLOGY
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FIELD OF VIEW MARKER (4)
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FIGURE 3.5 TGM-656D SYMBOLOGY
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FIGURE 3.6 HUD ELECTRO-OPTICS SYMBOLOGY

4. Takeoff
Perform a normal takeoff. Maximum power should be used if GW is in excess of
28,000 pounds. Depart to R-2515 and climb to 5,000 - 10,000 feet MSL.

5. Sensor Comparisons

Since some of this mission is flown at relatively low altitudes, ensure that throughout
the flight airspeed is maintained sufficiently high for an airstart capability. For the
majority of the flight 300 to 420 KIAS, as a function of altitude, is adequate.

Enroute to the first target, power up the TGM's the same way as on the ground except
for the Grnd Jett Enable switch. The mission runs may commence after the three
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‘ minute timeout has passed (i.e. "NTO" is removed from top left of the SCP).
The targets to be used are:
Coordinates Elevation

A. Boron Radar N 3504.87 W 11734.94 3070

B. Cal City Tank N 3500.92 W 11751.35 2600

C. Railroad Tunnel south end N 3527.83 W 11737.33 3214

D. Water Tank at RR "Y".north of tunnel N 3529.68 W 11738.37 3179

E. Solar Farms N 3500.27 W 11733.97 2450

F.

Mojave Apt (2500' AGL/5 sm) N 3503.30 W 11809.80 2787

The elevation/depression angle of the seeker plays a large part in the background
contrast in both TV and IR imaging. Very often shadows will affect the TV image
background, and background heat clutter will affect the IR image background by
creating a larger effective background at low elevation/depression angles. With open
sky background, there is often insufficient detail for the tracking gates to use even

‘ though the target itself may be very clear and distinct. Because of this, lookup
scenarios with these sensors may have limited success. On each run, the IR and TV
sensors should be compared against each other to show the effectiveness of each
spectrum at various depression angles, ranges, and run-in angles. The following
matrix gives a synopsis of recommended runs.
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TGTS | ALT (AGL) | A/S (min) HEADING TO TGT (+/-20 degrees)
A 1500 420 285 degrees and 105 degrees
A 10,000 300 285 degrees and 105 degrees
B 1500 420 280 degrees and 135 degrees
B 10,000 300 280 degrees and 135 degrees
C 10,000 300 350 degrees and 320 degrees
D 10,000 300 030 degrees
E 1500 420 255 degrees and 165 degrees
E 10,000 300 255 degrees and 165 degrees
F 1500 420 260 degrees
F 10,000 300 260 degrees

Fuel and time will permit approximately 14 total runs. Since you will not be able to
complete runs at every altitude and heading, arrange the mission to look at each
target from the most interesting headings and altitudes based on your knowledge of
E-O Sensor Performance.

Runs should be accomplished with a 12-15 mile run-in. This distance may be altered
if required but both spectrums should be viewed at approximately the same distance,
aspect and depression angles.

During each run uncage and view the target with the IR sensor first (tracking the
target will be the easiest method of keeping it inside the FOV). Observe the target
in both wide field-of-view (WFQV) and narrow field-of-view (NFOV). Next uncage the
TV sensor and view the target as was done with the IR. Evaluate the differences
between the ease of detection and tracking with both spectrum sensors at the different
look-down angles, aspect approaches, and ranges. Evaluate the change of the target

NOTE: Ensure that the Mavericks are powered off at the one hour Ready Time point
in the flight.
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as compared to the background as the angles change (often observe polarity reversals
of target and background) and what impact this effect might have on the testing of
sensors and the approaches you might use.

6. Recovery and Landing
Recover for either a straight-in or overhead. Do not fly an SFO unless GW limits are

complied with.

7. Debrief

Debrief and discuss with the IP the overall assessment of the two different spectrum
sensors. Highlight specific items that were noticed in flight that each had unique
capability to discern. Comment upon the human factors aspects of the employment
of the TGM's on the F-16A/B model.

INSTRUMENTATION:
None.

REPORT:
Individual Daily Written Flight Test Report to IP within 3 days.
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AVIONICS SYSTEMS TEST TRAINING AIRCRAFT
(NC-131H) DEMO/DATA (PILOTS, FTE/N)

REFERENCES:

1. ASTTA Operational Training Manual, Calspan Corp., Buffalo NY.

2. NC-131H Flight Manual.

3. ASTTA Test Plan, USAF TPS, Edwards AFB CA. (Current)

4. Criteria for Evaluating Airborne Thermal Imaging Systems, Shimer, S.E.
September 1984.

5. ASTTA Run Cards (Appendix B).

6. MIL-STD-1787, Aircraft Display Syzﬁbo]ogy.

7. MIL-STD-208F, Aircrew Station Controls and Displays.

PURPOSE:

The student will apply knowledge of avionics system theory and FTTs to gather radar,
infrared detecting set (IRDS), E-O system and INS performance data. A human
factors integration evaluation will be conducted in conjunction with avionics testing
using human factors theory and guidelines.

The general objectives of training in the Avionics Systems Test Training Aircraft
(ASTTA) are to:

1. Demonstrate and practice FTTs used to investigate the capabilities of:
a. Air-to-Air Radar
b. Air-to-Ground Radar
c. Infrared Detectors
d. INS
e. Global Positioning System (GPS)

2. Demonstrate and practice operating multiple avionics systems in a dynamic, real
time environment.

3. Investigate the systems integration aspects for mission suitability.
4. Practice the evaluation of crew station human factors.

AIRCRAFT:
The test aircraft is an adaptation of the USAF/Calspan NC-131H aircraft. The major
components of the avionics suite include the APG-66 radar, AN/JAAS-36 IRDS,
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LTN-72R INS, US Customs Service/Westinghouse Systems Integration Package (SIP)
and Interface Control Unit (ICU), Kiowa/Calspan TV video platform (interchangeable
with IRDS), Total Inflight

Simulation (TIFS) mode, with fly-by-wire variable stability system stick and throttle,
avionics crew station and Westinghouse Mini-Console for data capture.

SUPPORT:
1. Target Aircraft (T-38 or other aircraft as available). Air-to-air TACAN is required
in all participating aircraft.

2. Cords Road or other appropriate airspace for radar intercept work.

3. Alpha corridor for the TPS radar reflector array in Rosamond Lake and PIRA/large

infrared (IR) board.
4. GPS P-code loaded for INS tests

LIMITATIONS:

1. "Aircraft will maintain at least 1000 ft vertical separation during intercepts within
10 NM before visual contact. Aircraft will maintain 1000 ft separation (1000 ft
bubble) with visual contact.

2. Minimum altitude for all testing is 500 ft AGL (2000 ft AGL night, except when
on run-in to the IR Board, under SPORT control and in the PIRA/Alpha Corridor).
Maximum altitude for the ASTTA is 10,000 MSL.

GENERAL:

1. All flights are conducted within the scope of the ASTTA Test Plan. There are
three curriculum flights for each student. Each sortie is approximately 2 hours.
Students will be scheduled as teams of two.

a. ASTTA GROUND TIME. Each student will be scheduled for 1 hour of cockpit
time to become familiar with the procedures and techniques used during the airborne
tests. In order to maximize the cockpit time allowed, the attached checklist of events
should be accomplished by the student with an instructor on hand to demonstrate the
techniques as required. Preparation time greatly improves learning.

b. ASTTA 0. This sortie serves as the student's introductory flight. Students
flying ASTTA O will observe and assist other students who are flying their ASTTA1
flight. Students are expected to participate in mission planning, attend the mission
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briefing, observe and assist in flight and operate the data system as necessary. This
sortie may be waived by the Director, Student Training for qualified students.

c. ASTTA 1. This 2-hour flight will consist of a variety of basic FTTs used in
testing radar (air and ground modes), IRDS and INS. Each student will occupy the
right (systems) seat for approximately half the flight. Each flight profile should cover
a variety of air-to-air FTTs, but must include test points from each of the following
areas:

(1) Blip Scans

(2) Max Lock On Range -

(8) Track-Through-The-Notch Eval
(4) Air Combat Mode (ACM) Eval
(5) Radar/IRDS Integration Eval

The flight will also include a navigation route flown using the radar, IRDS and INS.
The route will last about 30 mins, enabling each member of the test team to fly a
portion of the route from each seat. Pilots may fly the aircraft in TIFS mode while
operating the systems to evaluate workload. FTE/Ns may fly under supervision of an
IP depending on proficiency.

d. ASTTA 2 (Night). Emphasis during the 2-hour flight will be on IRDS,
air-to-ground radar, INS and systems integration testing. Each student will spend
a portion of the mission operating each system. Two sets of teams will normally fly
on each night mission.

MISSION EVENTS: (Gradesheet, pg A.4 A5 & A.6)
1. Mission Preparation.

ASTTA test missions must be carefully planned to provide optimum use of fuel.

a. Pilots and FTE/Ns will coordinate the selection of data points and the
completion of data cards for the mission. Partially completed sample data cards are
in Appendix B. Provide a copy of the data cards to the instructor, the TPS Ops desk
and to the NC-131H flight crew. ,

b. Cords Road is the recommended work area for air-to-air tests. If Cords Road
is active with other aircraft, request to fly a parallel ground track approximately 5
miles north of Cords Road between the north side of California City and the Three
Sisters dry lakes.

¢. Ground radar tests can be flown against the RADFAG or the Rosamond Lake
radar reflector range in conjunction with IRDS tests. After completing each point,
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turn to keep away from the Edwards main runway traffic and return to the initial
point for the next run. Use caution to avoid exiting the Complex to the south.

d. For IRDS tests, the IR board ground crew (call sign: Downfall) will reconfigure
the target between runs. Radio comm with Downfall is essential to assure the target
is configured properly. A thorough pre-mission briefing with Downfall, as well as the
usual one with SPORT, is required (5-5603).

2. Mission Briefing.
a. The Test Team will conduct the preflight briefing with instructors and target

aircraft crew in attendance. The Test Team will brief the data requirements and the
support requirements/status. Crew coordination is essential, and such items as radio
and intercom discipline must be briefed with the NC-131H flight crew. Intercept
Rules of Engagement (ROE) will be briefed in detail for air-to-air radar test points.

b. The Test Team will insure that range/support personnel are briefed on mission
requirements and procedures and that safety considerations for working the
PIRA/Alpha corridor are extensively briefed.

c. Procedures to protect mission sensitive data will be briefed on missions

requiring such data.

3. Ground Ops.
The test team members that occupy the evaluation station for the first half of the

flight will warm up the avionics and perform preflight ground checklist procedures in
accordance with the ASTTA Operational Training Manual.

4. Air-to-Air Radar.
a. Search Mode Tests. Perform search mode tests as follows:

(1) Maximum Detection Range (Blip Scans). Maximum detection range
depends on target radar cross section, aspect and velocity, as well as radar capability.
(a) FTT. Conduct the test with a head-on target. Set up a l-bar scan
pattern, with a + 30-degree azimuth scan, and TGT HST = 1. Place the acquisition
symbol at the known range of the target. Adjust the antenna elevation so that the
center of the scan is at the known altitude of the target. After first detection,
continue to manually follow the target the acquisition symbol as it approaches closer
in range, observing blind zones. Use caution to keep the antenna elevation at the

target's altitude (usually, by keeping the sum of the lower and upper altitudes equal
to twice the target's altitude will keep the beam centered on the target). Select + 10-
degree azimuth scan after the first detect to maximize the number of radar sweeps.
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Do not attempt lock on for this test. This test can also be conducted with an opening
target. Call out air-to-air TACAN range at 1 NM intervals.

(b) Hit Rate. Compute the number of "hits" per antenna sweep by careful
post flight review of radar videotape. Count the number of antenna sweeps on which
the target is displayed over a given range interval, and divide by the total number
sweeps over that range interval. This value is the hit rate. Use a bar chart to show
the percentage of hits for each selected range interval. Range is determined by the
most accurate means available, usually air-to-air TACAN. Maximum detection range
is determined from the plot of hit rate vs range by applying a pre-defined detection
criterion based on percentage of hits. Compare the results to a theoretical prediction
from known radar characteristics.

(c) Blind Zones. Radar blind zones are determined from the plot of hit rate
vs range, based on a pre-defined hit rate criterion.

(d) Detection Range Accuracy. Determine detection range accuracy by
recording and comparing the range of the target as displayed by the radar with actual
range determined by the most accurate means available. Most often, air-to-air
TACAN will suffice. If two tracking radars are available, SPORT data may be used
for more accurate results.

(e) Azimuth Correlation. Evaluate scan-to-scan azimuth correlation by
noting whether the position of the target remains fixed in azimuth or whether it
appears to jump in azimuth from one scan to the next.

() Cursor Movement. Evaluate the adequacy of cursor movement by
qualitatively assessing its rate and sensitivity. Operate the cursor controls on several
different range scales.

b. Acquisition Mode Tests.

(1) Maximum Lock-on Range. Maximum lock on range depends on target
radar cross section, aspect and velocity, as well as intercept geometry and radar
parameters.

(a) This test is set up in the same way as the maximum detection test.
Pre-defined criteria are necessary to define lock on. Upon initial detection, attempt
to initiate track. Reattempt until successful. '

(b) The size of the acquisition window in search mode should be
qualitatively assessed. Qualitative measurements can be made on any effects that the
FOV or scan pattern have on the acquisition of a target. If targets of opportunity
exist, qual eval of multiple targets and maneuvering targets can be performed.

(2) Time To Stable Track Eval. The purpose of this test is to determine the
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time required to achieve lock on in a typical operational scenario. Accomplish this
test with the radar in an operationally representative search mode, and the target at
a given position with respect to the radar aircraft. Do this evaluation at the same
time the Maximum Lock-on Range test is done. Monitor the following radar
parameters on strip charts if possible: Designate Switch Enabled, lock on indicator,
Kalman/Doppler difference, Pulse Repetition Frequency (PRF), antenna azimuth
position, range and range rate. Measure the time required from actuation of the
trigger switch until the lock on criteria are met by post flight review of strip chart
data.

(8) Air Combat Mode Evaluation(ACM). The purpose of this test is to measure
the time required for the system to acquire and track in the various ACM modes.
This test is accomplished with a head-on target, setting up beyond the range of the
ACM mode. Position the antenna so as to paint the target continuously as it
approaches. Monitor the same radar parameters as in (2) above. Note the distance
at which track is achieved. This distance can be used, with the known closure rate,
to determine the time required to achieve track.

c¢. Track Mode Tests.

(1) Track-Through-The-Notch Eval. This test measures the capability of the
radar to track a target when the total closure is approximately equal to the speed of
the radar. Begin this test with a head-on target track. At a pre-specified range, have
the target initiate a 360° level turn at a specified G loading. As the target enters "the
beam", its closing velocity will fall within the doppler velocity notch designed into the
radar. Monitor the following radar parameters on strip charts: lock on indicator,
coast flag, PRF, antenna azimuth position, range and range rate. This maneuver can
be flown with the target offset laterally from the flight path of the radar aircraft to
observe the effect of changes in the doppler spectrum of the main lobe clutter.

(2) Radar Range Accuracy. The accuracy of the radar's range measurement
can be found by comparing the displayed value of range with the range determined
by the most accurate means available.

(3) Azimuth Accuracy. The radar angle can similarly can be compared with
the known geometry of the two aircraft (taking into account drift).

(4) Range Rate Accuracy. Range rate accuracy can be measured by comparing
the radar's measurement with the aircraft velocities at a given instant of time.

5. Ground Map Radar Test.
a. Range Resolution. Line up on the TPS radar resolution array (Buckhorn
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RADFAG, North RADFAG, or Rosamond Lake as alternates) from a distance of about
25 miles, with the radar in the GM mode. Measure range resolution by noting the
minimum reflector spacing that can be seen on the scope.

b. Azimuth Resolution. As the aircraft approaches the resolution array, note the
minimum azimuth spacing that can be seen on the display. This spacing corresponds
to the azimuth resolution and varies with range. By knowing the spacing of the
reflectors, the angle between the reflectors can be calculated. This angle is the
azimuth resolution of the radar.

c. Ranging Accuracy. Compare the aircraft's actual position with the displayed
range from the radar resolution array.

d. Display Accuracy. The pointing accuracy and scan-to-scan accuracy can be
measured by noting where the targets appear when the radar is supposedly pointing
directly at the targets, and noting any "azimuth jumping" that may take place from
scan-to-scan.

e. Maximum and Minimum Detection Ranges. The minimum and maximum
detection ranges are measured by noting the ranges at which the aircraft can first and
last see the reflectors. In most aircraft, the minimum detection range is limited more
by look angle than by radar parameters.

f. Radar Display Controls. Qualitatively assess the following radar display
control functions: ‘

(1) Gain
(2) Mode and scale selection
(8) EXP, DBS, and Freeze modes

Note effects of factors such as terrain, land/water contrast and changes in altitude or
bank angle. Assess the gain adequacy by qualitatively noting the degree to which the
target on the radar scope responds fo changes in the gain control. Qualitatively
assess the adequacy and ease of switching modes, ranges and other features of the
radar by operating each control.

6. IRDS.
IRDS testing will be done in conjunction with radar testing to the maximum extent
possible.

NOTE: Do not correct IR resolution data for atmospheric effects unless specifically
tasked to do so. If LOWTRAN or other IR data analysis methods are used, the
corrected data are classified CONFIDENTIAL.
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a. Tuning. Tune the IRDS on the ground in accordance with the ASTTA
Operational Training Manual. Adjust the IRDS for optimum airborne display as
required for the viewed scene and testing requirements.

b. Prior to Takeoff. Perform the following tests as time, instrumentation and test
objectives dictate:

(1) FOV. Obtain data using a tape measure or other convenient measuring tool
to calculate FOV in both Wide (WFOV) and Narrow (NFOV)(IRDS) or with the lens
zoomed in and zoomed out (optical system).

(2) Boresight Accuracy. Measure the boresight by comparing the IRDS
orientation to the aircraft heading while taxiing or conveniently aligned in the chocks.

(3) Field of Regard. Determine elevation and azimuth limits without
aircraft/IRDS obstruction of FOV.

(4) Slew Rate Limits. Use a stopwatch to measure the elevation and azimuth
slew rates of the IRDS.

¢. Airborne Data Points.

(1) MRTD or Contrast. Configure the target board for the first run with 2%
initial heat. Set up for the first run outside the expected maximum detection range
with NFOV selected and proceed toward the target on the specified track and altitude.
Detection range is defined as the range at which the IR target board is first seen on
the monitor. Identification range is defined as the range at which the scope observer
can accurately count the number of bars on the target board. Record ranges from the
on board INS or from GPS. After NFOV target board identification determine
identification range for WFOV. The test should be done in both the White Hot and
Black Hot polarity settings. While the aircraft is setting up for another run, the
range ground crew will reconfigure the target board by increasing the temperature of
the heated panels. For IRDS tests, the IR board ground crew should reconfigure the
target between runs. Radio comm with Downfall is essential to assure the target is
configured properly. (Note: be sure that the data collected during an IR run is
adequate before having Downfall raise the temperature on the board. The board will
not cool back down in the time allotted for the mission). Repeat the above procedure
to measure the identification range with the new target configuration. Additional
runs should be made if possible. A curve can then be drawn through the data to
determine the MRTD or MRC. Plot percent heat vs spatial frequency and determine
minimum resolvable percent heat (MR%H).

(2) Spatial Cutoff Frequency. From a plot of spatial frequency vs % Heat,
determine the system spatial cutoff frequency. Calculate instantaneous field of view
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(IFOV) and sensor angular resolution (®R).

(3) Dynamic Resolution. Perform dynamic resolution tests by manually
slewing the sensor across the IR target board while inbound. The sensor should be
slewed at a rate such that the IR target board crosses the FOV in approximately 10
secs. Compare results to static resolution results and determine line of site (LOS)
stability difference in spatial cutoff frequencies.

(4) Airspeed Effects. Perform runs at different airspeeds against the same
target configuration and AT (or contrast) to determine airspeed effects (LOS jitter due
to vibration).

(5) Tuning Effects and Sample Size. Perform IRDS resolution tests by:

(a) Not varying the IRDS level and gain settings for the entire series of
runs.

(b) Tuning the IRDS level and gain settings to optimize the picture on each
pass. Compare the spatial frequency vs. AT or contrast plots.

Since perceived ranges for identification (and therefore resolution) will vary from
person to pefson, average the resolution results of a large sample (three persons
minimum).

(6) IRDS Viewing Distance. Determining the effective IRDS viewing distance
is a method used to evaluate the effects of atmospheric transmission (e.g., humidity)
on system performance. As atmospheric transmission decreases (mostly corresponding
to higher humidity levels) the contrast between objects at long ranges (the upper
portion of the display) will decrease. Thus the upper portion of the screen will appear
washed out (no scene detail) while the lower portion provides usable video. The
effective IRDS viewing distance is defined as the range at which scene detail is lost.
Using a flat earth assumption (see Figure 3.7) the IRDS viewing distance (D,) is :

D, = [(h Tan (® + ¢ + AOA ))* + h?*

where:

h = Aircraft altitude above ground

® = Angle between aircraft downward normal and bottom

¢ = Viewing distance angle referenced to the bottom of the IRDS FOV

AOA = Aircraft AOA
The IRDS viewing distance is plotted as a function of atmospheric transmission and/or
humidity level.
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FIGURE 3.7 IRDS VIEWING DISTANCE

(7) Average Gain and Level Setting. Under nominal conditions, the gain and
level setting required to obtain a good picture should be in the mid value range. By
recording the gain and level setting values used by the operators under nominal
conditions during the eval, it can be determined if the settings are typically in the mid
value range. If the gain or level settings are found to be at one end of the range,
readjustment in the video levels may be required.

(8) IRDS Navigation. Perform low level nav at 1000 ft AGL using IRDS video
using the navigation route provided in class.

(9) Ambient Heating Effects (Daytime Versus Night). Qualitatively compare
results of flights at different times of day (early morning, midday, late afternoon, dusk
and night) for scene detail, target discrimination and system resolution.

(10) Slew Rate Limits. Quantitatively measure sensor azimuth and elevation
slew rate limits. Qualitatively eval the position and rate control modes of the
trackball for slew rates, utility and stability of manual tracking. Evaluate at varying
LOS rates (nose, quarter, beam).

(11) Ground Track and Memory Ground Track Modes. Qualitatively evaluate
the ground and memory ground track modes for tracking stability, jitter, etc., at
varying LOS rates (nose, quarter, beam).

7. Radar/IRDS Integration.
a. Air-to-Air Radar/IRDS Integration. This test is conducted by slaving the IRDS
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to the radar after a target has been locked on. Evaluate IRDS WFOV and NFOV
pointing accuracy as the range and bearing to the target change. If the target
position should exceed the radar antenna gimbal limits, attempt to manually track the
target with IRDS. Determine IRDS WFOV and NFOV detection and identification
ranges for known and unknown airborne targets.

b. Air-to-Ground Radar/IRDS Integratioh. Slave IRDS to the radar with an
air-to-ground mode selected and qualitatively evaluate IRDS to cursor position
pointing error for both FOVs. Qualitatively evaluate detection and identification
ranges of known and unknown targets.

8. INS.

INS data will be collected concurrently with radar and IRDS tests on the ASTTA 2
sortie. This mission requires GPS programmed with the current P-code for precision
position measurement. INS position and GPS position will be time correlated. Final
data will be obtained immediately prior to engine shutdown.

NOTE: INS data recorded during flight is correlated with GPS "truth data" by
comparing time of day parameters. An accurate time hack from the GPS receiver is
required.

a. Ground Ops. Have SI set the aircraft time code generator prior to flight. Align
the INS in the chocks and carefully document the alighment method. Note the times
when the status annunciator changes and when the Ready Nav light comes on, then
place the system into NAV at the next even min. Hack a stopwatch and note the time
of day when switching to NAV. Turn on GPS and wait for position data to resolve to
maximum accuracy (figure of merit "1") Take data at exactly 5-min intervals until
post flight shutdown. (Note: identical intervals will allow the student to better
correlate multiple missions in the TPS INS data reduction program; "INSERR").

b. Takeoff.

Record INS and GPS present position and time just prior to takeoff roll.

c. Enroute.

(1) Evaluate the INS and its integration in the ASTTA as an aid to enroute
navigation. Determine how well the INS, as part of an integrated system, aids in
acquiring targets with the IRDS and radar, and aids in obtaining flight test data.

(2) At 5-minute intervals throughout the flight, manually record time, INS
position, and GPS position. Press the HOLD button on the INS control panel and the
MARK button on the GPS simultaneously at the hack. This will freeze the present
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position indication, allowing immediate recording of the time and the recording of the
present position when practical. To display the frozen GPS position, press line select
key #4 ("DISPLAY FREEZE"). After the data are recorded, press the HOLD switch
again on the INS and the CLR key on the GPS to reactivate the present position
indications.

d. Landing. After clearing the runway, record the time, GPS present position, and
INS present position. Record time, GPS present position, and INS present position
again before shutting down the engines.

9. Human Factors Eval.

Evaluate each of the following areas during flights in the ASTTA. Human factors
evals should consider anthropometric measurements of the evaluator and should
attempt to relate all findings towards mission suitability. Make specific conclusions
and recommendations to improve the ASTTA eval cockpit configuration for both the
simulated mission and ASTTA student training mission.

a. Control Eval
(1) Location and arrangement

(2) Consistency of control display movement

(3) Adequacy of coding

(4) Adequacy of labeling for multimode control

(5) Sensitivity, range and speed of activation

(6) Accidental activation
b. Display Eval

(1) Size, color, location and arrangement

(2) Readability

(3) Visibility

(4) INlumination

(5) Interpretability

(6) Useful accuracy

(7) Fail safe provisions/failure warnings

(8) Reliability

(9) Consistency in each mode of operation

(10) Environmental factors

(11) Caution and warning indicators

(12) Perception and masking of auditory signals
c. Control-Display Compatibility
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(1) Functional grouping

(2) Visibility and reachability

(8) Similar arrangement as other aircraft
(4) Overloading of tasks or sensing

(6) Optimum location (importance principle)

- (6) Frequency of use

(7) Sequence of use

(8) Workload

(9) Mission requirements versus control-display design
IMlumination

(1) Brightness

(2) Uniformity

(8) Contrast between task and background

(4) Glare

(6) Quality and color of illuminates and surfaces
(6) Flexibility and individual control

(7) Operational and maintenance requirements.
(8) Direction of lighting

e. Atmospheric Conditions

(1) Air purity
(2) Cooling
(8) Pressurization and heating

f. Noise

h.

(1) External sources

(2) Internal sources

(8) Hot/cold mic

Procedural Sequence

(1) Adequate and effective checklist procedures

(2) Proper sequence

Crew Station Accommodations

(1) Accommodate 5th-95th percentile male and female crewmembers with

applicable flight clothing

(2) Adequate clearance
(8) Comfort
(4) Sufficient seat adjustment (5th-95th%)

i. Crew station Ingress/Egress Procedures
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(1) Easy ingress/egress
(2) Accessible personnel services connections
(8) Personnel restraint strap routing
(4) Emergency ground egress/in-flight egress
10. Debrief.

The student pilot should debrief the quality of the set-ups and run ins. The FTE/N
should debrief the quality of the data.

INSTRUMENTATION:
1. Westinghouse Mini Console

2. Target aircraft DAS

3. Video Cassette Recorders (VHS)

a.
. Radar

b
c.
d

IRDS

Over-the-shoulder

. Out-the-front

REPORT: (JAW "TPS Reports Requirements," Test Management Phase Planning
Guide.)
Results will be reported as a graded homework exercise.
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3.69

ASTTA GROUND TRAINING CHECKLIST

1. Checklist

a. Discuss and accomplish all checklist items

2. APG-66 Radar
a. Discuss radar antenna
b. Discuss radar control panel
c. Discuss radar display
(1) gain
(2) symbology
(3) contrast
(4) intensity
d. Discuss air-to-air modes
(1) search
(2 ACM
(3) Track (STT vs SAM)
e. Discuss air-to-ground modes
(1) ground map
(2) air-to-ground submodes

f. Discuss control/annunciator panel

g. Discuss sensor control unit

3. AN/AAS-36 IRDS
a. Discuss system components
(1) IRDS controls
(2) video indicator
b. Discuss IRDS modes
(1) IRDS search
(@) IRDS ground track
(3) IRDS slave-to-radar
¢. Discuss IRDS displays
d. Discuss IRDS control panels
e. Discuss IRDS control tuning

4. LTN-72R INS
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a. Discuss data entry procedures

b. Discuss waypoint coordinate entry procedures

c¢. Discuss automatic/manual/remote route selection
d. Discuss data display selections

e. Discuss IRDS control tuning

5. TV Sensor
a. Discuss E-O panel functions
b. Discuss modes of operation

6. Mission Profiles
a. Discuss ASTTA O
b. Discuss ASTTA 1
c. Discuss ASTTA 2
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F-16 WEAPONS DELIVERY FAMILIARIZATION
(PILOTS/FTN)

REFERENCES:

T.O. 1F-16A-34-1-1, F-16 Aircrew Weapons Delivery Manual (Nonnuclear).
T.O. 1F-16A-1, F-16 Flight Manuals.

T.O. 1-1M-34, Flight Manual, Aircrew Weapons Delivery Manual.

T.O. 1F-16A-34-1-2, Ballistics Tables (F-16).

AFFTCR 55-2, Vol I, Chap 12 and Vol II, Chap 8.

ouk Wb

PURPOSE:

1. To familiarize pilots and FTNs with no or limited air-to-ground weapons delivery
background with the basic piloting techniques and workload required during manual
and computed bombing on a conventional range.

2. To evaluate the F-16B in the manual and computed weapons delivery role.

3. To provide an introduction to the requirements and techniques of ground controlled
weapons delivery.

AIRCRAFT/SUPPORT:
F-16B loaded with 2 SUU-bomb dispensers and 12 BDU-33 bombs, centerline or 2-370
gallon tanks. Conventional Air-to-Ground Range and a mission frequency are

required. Bomb scoring capability is highly desired. A C-Band beacon if required on
the aircraft for SPORT tracking.

GENERAL:

1. This flight is an introduction to basic manual and computed, dive, loft, and radar
bomb deliveries of conventional ordnance. The BDU-33 is used to simulate a MK-82
low drag bomb. Four events will be briefed and practiced: 30° dive bomb (DB), in
both Continuously Computed Impact Point (CCIP) and manual bomb mode; 15° low
angle low drag (LALD) in both CCIP and Dive Toss (DTOS) mode; Radar Lay Down
(RLD), with and/or without use of an offset aim point; and 30° loft deliveries.

2. On the controlled weapons delivery phase of the mission the dive angle, ground
track, and release point are going to be controlled from the ground and the aircraft
needs to be precisely controlled maintaining accurate parameters within tolerances.
In effect these maneuvers are high speed GCAs often at steep dive angles. These
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procedures are used when it is important to place the test aircraft/test article at a
precise point in space. There are many reasons why this might be necessary.
Examples are establishing test parameters for a sensor lock on to a target, ensuring
placement of the aircraft for Cinetheodolite tracking and photo coverage, and
establishing required delivery parameters when the test aircraft does not have an
adequate or applicable weapons delivery system (sight/HUD, computer, sensors, etc.).
In ballistics testing, the ballistics of the new store are unknown so there is insufficient
information to compute sight settings or to program weapons delivery computers so
the ground controller is used to place the test aircraft at a known point in space. The
ground controller is responsible for establishing ground track, dive angle and release
point/altitude. The pilot is responsible for attaining the required airspeed and aircraft
attitude (mormally zero bank angle) as well as cross checking dive angle and altitude
(need to confirm bomb range, time of fall). Controllers have been known to set up
their plot boards with the wrong release altitudes.

3. Preflight mission planning is critical to accurate weapons delivery. The mil
settings for each event must be computed according to the weapons delivery manual
or computer program. Winds in the target area must be evaluated to determine their
effects on aim points. The range layout should be studied to obtain accurate ground
references to aid flying the bombing pattern and rolling into accurate dive angles.
Range procedures and foul altitudes for each event must be reviewed. Preflight
procedures for bomb inspection and in-flight procedures for bomb release must be

understood. Corrections for off parameter deliveries must be determined to aid

bombing accuracy.

4. Target elevations are as follow: Superior Valley conventionalmuclear bombing
circle - 3156 ft, PIRA PB-1 - 2145 ft, PIRA PB-10 - 2485 ft, PIRA PB-12 - 2827 ft. Use
Edwards tower altimeter setting for the East and West ranges and the altimeter
setting given by the Range Control Officer (RCO) for Superior Valley.

COMPUTED SURFACE ATTACK (CHECKS):

1. AFTER START COMPUTED CHECKS
a. Stores Management System (SMS) Verification: Verify the aircraft stores
loading and review/set the air-to-ground attack profiles.
(1) SMS Load Verification: The SMS must be programmed to reflect the actual
aircraft loading. If the SMS is loaded incorrectly: 1) the Fire Control Computer




SYSTEMS PHASE PLANNING GUIDE . 3.73

(FCC) may use improper weapons ballistics/coefficients, 2) improper release
options/sequences may occur, and 3) energy management will be in error. You may
verify stores loading on the Stores Control Panel (SCP) by depressing INV and
depressing STEP to rotary through each type of ordnance. Confirm SMS ordnance
loading (type, number, and station) matches actual aircraft load. In addition, insure
you have an AIM-9P (quantity 0) loaded so you can use the ACM mode.

(2) Review/Set Profiles: Review air-to-ground attack profiles and modify where
necessary. Confirm correct symbology on HUD and Radar/Electro-optics (REO)
display for each mode by selecting each mode on the SCP with the Master Arm switch
in SIM. Then, select the weapon, profile, and delivery mode for the first attack.

b. Accelerometer Check: Errors in the INS horizontal and vertical accelerometers

will result in navigation and bombing errors.

(1) Groundspeed Check: Ground speed on the Fire Control Navigation Panel
(FCNP) (POS - V/T) should read zero after alignment and be approaching zero during
alignment. Any ground speed reading other than zero when you are still in the chocks
indicates errors in the horizontal accelerometer(s). These errors will result in
navigation and bombing errors on the range. If ground speed reads greater than zero
immediately after alignment, do another alignment.

(2) VVI Check: Note the position of the vertical velocity indicator in the HUD.
Any reading other than zero indicates a bad vertical accelerometer which will result
in 6 or 12 o'clock errors during computed deliveries. You may consider using a
manual release.

c. Computer Mission Data:

(1) Enter enroute and target L/L, elevations, and TOTs (if desired).

(2) Enter B/R and elevations for all OAP, VIP and VRPs.

d. DO NOT taxi with the INS in NORM. If you do, turn the INS function knob
to off. Continue to taxi to the arming area and initiate another alignment by typing

in the arming area coordinates once you have come to a complete stop.
e. Canopy Coefficients: The FCC uses a series of correction factors to account for

the optical distortion of the canopy. These coefficients are checked/entered through
the FCNP, data knob - MISC, data opt - C12, C34, C56, C7. These numbers are
unique to each canopy and are usually found on a stamp on the canopy rail in the 11
o'clock position. /If the numbers on the canopy do not match the numbers in the
FCNP, then you can expect bombing errors. You can check/change them with a
standard keyboard operation. The coefficients can not be read when the canopy is
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fully closed. You must check them prior to strap-in or as the canopy is partially
lowered.

NOTE: The canopy coefficients are applied to the CCIP pipper and TD box, but not
to the other symbology, such as FPM and Bomb Fall Line (BFL). This sometimes
results in what appears to be a misalignment of the symbology under certain
conditions. For example, the CCIP pipper may not appear exactly on the end of the
BFL, or the TD box in DTOS may not be exactly superimposed over the FPM prior to
designating. This is not highly unusual. Use the CCIP pipper for aiming even if it
is slightly misaligned with the BFL.

2. ARMING AREA COMPUTED CHECKS

a. As soon as you stop in the arming area, check your ground speed and HUD

VVI.

(1) If ground speed is zero or 1 knot, the INS platform is good. Press on.

(2) If ground speed is 2 or more, the platform alignment is bad. If possible,
accomplish another alignment.

b. Accomplish an automatic altitude calibration after the EPU check by
checking/entering the current field elevation in the LMD with the data knob in POS,
E/A in the alpha display, and then MODE SEL. This procedure sets system altitude
' to the number in the LMD and automatically updates the D-value.

3. AIRBORNE COMPUTED CHECKS

a. HUD VVI: When in level flight, indicated by pitot static VVI and altitude,
check for zero HUD VVI. If it is not zero, INS vertical velocities are in error. Expect
degraded 6-12 accuracy in all computed deliveries, pariﬁicularly DTOS. You will
probably get better results in CCIP.

b. Altitude Calibration. Anytime you suspect errors in system altitude, an
altitude calibration using radar AGR (air-to-ground ranging) should be performed
before bombing where system altitude is used for ranging. One indication of bad
system altitude is TD box movement to 6 or 12 o'clock as range to destination

decreases.
(1) Check the following:
(a) SCP reading PWR ON and/or Master Arm in SIM or OFF.
(b) FCNP Dest thumbwheel--SET.
(¢) RCP Mode--above STBY.
(@) FCNP:
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(a) Data Knob--ALT CAL
(b) Data OPT button--Depressed (if RDR not displayed)

NOTE: For blind ACAL, radar cursors should be slewed over destination or QAP
return prior to mode selection.

(3 RDR CURSOR/ENABLE--Slew the TD box or OAP diamond over the
appropriate point.

(4) Mode SEL button--Depressed. Check for the ACAL mnemonic in the HUD.

(56) Check slant range decreasing smoothly on HUD readout and check height
above thumbwheel destination on RMD.

(6) Designate button--DESIG. ACAL accuracy is increased at larger antenna
look-down angles. Avoid look-down angles of 10° or less.

(7) DATA OPT BUTTON--Depress (DVL displayed).

(8) Check LMD for D-value and compare with forecast D-value.

(9) If you suspect you have a bad system altitude and your AGR is bad, you can
still update the D-Value/system altitude. Fly level with a fellow flight member who
has a good system altitude, and enter the D-Value in the LMD with DVL displayed.

COMPUTED BOMBING:

The mechanics of computed bombing are relatively simple. However, your ability to
manage the system can greatly improve your scores from merely qualifying to
outstanding. General procedures and philosophy apply to any dive-angle delivery.

1. CONTINUOUSLY COMPUTED IMPACT POINT (CCIP)
a. Normal Release
(1) Initiate the CCIP delivery mode on downwind by selecting air-to-ground
(AG), the appropriate attack profile, and CCIP on the SCP. If you're in another
delivery mode, you can select CCIP by depressing the NWS button. Verify the correct

single/pair option (usually single). Also verify the number of weapons remaining.
Place the Master Arm switch to ARM and check for RDY on SCP, and CCIP and ARM
in the HUD.

(2) Execute the final turn using a smooth roll-in and rollout, compensating for
the wind and turn radius. Disregard the bomb fall line (BFL) and CCIP pipper during
roll-in. Concentrate on rolling out with the FPM at 12 o'clock to the target on your
planned Aim Off Distance (AOD). The target should be approximately half way
between the FPM and the CCIP pipper at roll-out, depending on the event (See Figure
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3.8). The target should be approximately two-thirds down from the FPM for LALD,
equating to an AOD of 2,200 feet. Use one-half way for DB, equating to an AOD of
1,600 feet. Placing the FPM on the exact aim off point works well on controlled
ranges where you might have specific aim off markers. However, on a tactical target
(strange environment) your best method to set the AOD is by the target-to-BFL
relationship. At roll out, place the target the proper distance from the FPM. Now
freeze the FPM on that spot and allow the CCIP pipper to approach the target as you
steer out any azimuth errors. Don't pull the FPM up in an effort to rush the pass.
You will release higher than planned. Remember, 3 to 5 seconds on final is fast
enough, don't rush it any more than that by "pulling" the pipper up to the target.

i

ROLL-OUT FLY BFL TRACK CCIP PICKLE /
TO TARGET PIPPER THROUGH RELEASE
TARGET

FIGURE 3.8 CCIP SYMBOLOGY

(8) Once established with the FPM at 12 o'clock to the target the Bomb Fall
Line (BFL) will be near the target. Fly the aircraft to put the target under the BFL.

(4) Bank as necessary to keep the BFL through the target and walk the CCIP
pipper smoothly up to the target. Avoid the common error of allowing the FLCS to
raise the nose and thus creep the FPM beyond the desired AOD. This may be avoided
by trimming nose down a little on base.

(5) Pickle when the CCIP pipper reaches the target. Designation in CCIP is
with the pickle button (hold it down) and release is normally immediate for low drag
weapons.

(6) Recover after bomb release and/or in time to adhere to recovery minimums.
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b. Wind Corrections. Since the CCIP mode is a computed bombing mode, the

effects of winds are automatically compensated for so the position of the CCIP pipper
shows where the bomb will impact if you depress the pickle button. However, your
job as the pilot is to get the pipper over the target and to do that, you need to consider
the winds. The headwind/tailwind component is corrected for in the computer by the
CCIP pipper being moved up or down along the BFL. Most of the crosswind
correction is made by the drift stabilization of the FPM and associated symbology. As
long as the drift cutout switch on the HUD is in the NORM position, the technique
of placing the FPM close to 12 o'clock and the BFL through target will cause the nose
of the aircraft to be crabbed into the wind. This crabbing causes the aircraft to fly
over the target, thus compensating for most of the crosswind. However, with strong
winds and/or high drag weapons, there is additional correction required to account for
bomb trail. Once again, the pipper will always represent the actual impact point, but
the BFL may appear sloped to the downwind side. Under these conditions you may
wish to place the BFL slightly upwind of the target on the initial rollout.

NOTE: Do not use DRIFT C/O on HUD while in the CCIP mode. If drift cutout is
selected the FPM and BFL will not be displaced downwind; however, the pipper will
still show the impact point. Thus, the line between the FPM and pipper will be

angled excessively and you'll find yourself in a near-constant bank keeping the target
under the BFL.

¢. Delayed Release. If the impact point is beyond the HUD FOV (aircraft in a
bank), an "X" will appear in the CCIP pipper. For release conditions where the bomb

impact point is under the nose of the aircraft, the CCIP pipper cannot be positioned
low enough in the HUD at the instantaneous impact point. In this situation, the
CCIP pipper is positioned approximately 14 degrees below the boresight cross and
time delay is computed, based on the difference between the pipper position and the
actual impact point. The presence of the time delay cue indicates this situation exists
(See Figure 3.9).

(1) This delivery is exactly the same as the normal release up to the point of
pickle.

(2) If the time delay cue is present, hold the pickle button depressed. Steering

symbology, will appear.
(8) Fly the FPM to the steering line to null any steering error (Just as in a
DTOS delivery) while holding the pickle button down.

(4) Release will occur when the solution cue reaches the FPM. In most
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situations the delay will be very short, i.e., less than one second, and you may even
miss the post designate symbology prior to release. Your indication that release has
occurred is a flashing FPM. Release the pickle button after the FPM flashes. Itis a
good habit to hold the pickle button down until well after the FPM flashes. This
insures you will get all bombs off when you begin rippling a string of bombs rather
than dropping just one.

—— &—— SOLUTION CUE

HOLDING PICKLE

[ TIME DELAY (STEERING SYMBOLOGY)
CUE

@ @

BEFORE PICKLE

FIGURE 3.9 CCIP Delay Cue Symbology

2. DIVE TOSS (DTOS)
a. The DTOS pattern.

(1) Initiate DTOS on downwind by selecting air-to-ground (AG), the appropri-
ate attack profile for the weapon, and DTOS on the SCP. Verify the desired
single/pair option and number of weapons remaining. Check for caged symbology in
the HUD. Recheck Master Arm switch ARM, RDY on SCP, and DTOS and ARM in
HUD.

(2)° You probably want radar AGR, so check the RCP mode knob in any position
except OFF or STBY and the radar will automatically select AGR in the DTOS
submode. Turn base slightly wider than the point used for manual events since you
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do not need the AOD used in manual deliveries.

(8) Also check the steerpoint you've selected. If the radar works properly, the
steerpoint won't be important. But, if the radar breaks lock for 3 seconds, the FCC
will use the elevation of the steerpoint as the target elevation when computing a
BARO solution. This is commonly referred to as BARO bombing.

(4) Execute the final turn using a smooth roll-out, compensating for wind and
turn radius. Roll out on final with the aircraft flight path directly in line with the
target and the FPM the desired distance short of the target. This position is described
below under the individual aiming methods.

NOTE: It is possible to "press" or delay designation/final aim until past the point of
desired computed release. This will result in no release, a gross error bomb, and/or
a dangerous pullout.

(56) Fly out the azimuth error and insure you hold the pickle button down when
the solution cue approaches the flight path marker.

(6) Execute a standard recovery when the bomb release occurs and/or in time
to adhere to recovery minimums.

(7) Continue in the pattern as briefed using the score and other observations
to improve the accuracy of the next pass.

b. Point-Blank Aiming. Point-blank aiming is the simplest method from a
mechanical pilot skill standpoint (See Figure 3.10).

(1) Roll out on final approach with the FPM and caged TD box short of the
target. Since the TD box is initially HUD stabilized you may "pre-slew" the TD box
slightly below the FPM. Some find this helps them get the TD box on the target but
beware of pendulum effect since the TD box is not yet ground stabilized.
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DESIGNATE ROLLING OUT DESIGNATE PULL-OUT RELEASE
(PICKLE) PRE-SLEWED , (PICKLE) (STEER)

FIGURE 3.10 DTOS-Point Blank Aiming

(2) With your eyes focused on the target, bring%the TD box pipper smoothly up
towards the target, reducing the rate of movement as it comes to bear on the chosen
aim point. Track for a split second and designate with the pickle button or designate
button. When you designate, the TD box becomes ground stabilized. Designating
with the pickle button and holding it until release is the easiest method. If you do
designate with the designate button, you'll have to depress the pickle button prior to
the solution cue reaching the FPM. Hold the pickle button depressed until the
solution cue intersects the FPM and the FPM begins to flash to indicate release. The
FPM will continue to flash until you release the pickle button.

(8) Initiate a smooth, recovery-type pull keeping the FPM centered on the
steering line. You can continue to pull into the true recovery which results in a "dive
toss" delivery or you may relax the pull when the FPM is roughly 1,500 - 2,500 ft at
12 o'clock (See Figure 3.11). This will result in a "straight dive-glide" release.
Theoretically, "dive toss" is as accurate as the "dive-glide" release. However, due to

the possibility of an erroneous vertical accelerometer, the "dive-glide" technique may
prove to be more reliably accurate.
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CAUTION: Do not press a dive-glide release to the point that you cannot
recover above the minimum safe altitude (foul altitude). When making a dive-
glide release you should designate slightly earlier than for a dive-toss release
and stop or slow the rate of FPM movement in the vicinity of the aim off
distance for the delivery you're doing.

DIVE TOSS DIVE-GLIDE

FIGURE 3.11 DTOS-Release Techniques

(4) After designation in point-blank aiming, watch the TD box for drift as you
approach release. You can refine aiming using the radar cursor/enable button to place
the TD box back on the target.

(6) You can get accurate bombs even if the TD box drift is toward 3 or 9 o'clock
by disregarding steering and visually flying the aircraft directly over the target. You
can also use this technique if the TD is off to the side when you designate.

(6) For most practice when making multiple dive toss attacks, recage the TD
box to the FPM after each release by designating. If you don't, the TD box will stay
on, or near, the target from pass to pass.

c. Slew Aiming. This method of aiming provides maximum flexibility in tactical
situations, but mastery is most difficult. It is possible to slew aim regardless of
aircraft attitude as long as the aim point is within the HUD field of view. Remember
that directional control of the TD box is always referenced to aircraft attitude.
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Develop slew aiming skill as follows: (See Figure 3.12) ‘
(1) Roll out on final with the FPM/TD box near the target.
(2) Adjust power, if necessary, before you start to slew.
(8) Slew the TD box directly toward the target aim point. Move the
cursor/enable button as if you were slewing the radar cursors.
(4) When the TD box is on the aim point, designate. At designation the TD box
stabilizes and the steering line will appear and command steering corrections.

SLEW AIMING

L o5 P

/B >

P> P

ROLL-OUT SLEWING DESIGNATION DELIVERY & RELEASE

FIGURE 3.12 DTOS-Slew Aiming

(5) "Fly" the FPM toward the steering line and roll out when they coincide.

(6) Observe the solution cue progress, keep the FPM on the steering line, and
complete the delivery as described in Point-Blank Aiming. If you have neglected to
fly out the azimuth error while slew aiming and the solution cue is approaching the
center of the FPM, you have three options:

(2) Abort the release (thumb off pickle button).

(b) Accept the error.

(¢) Fly out as much error as you can and accept the result. This is
preferable to accepting the error in all cases and usually better than aborting the
pass. The closer the FPM is to the steering line, the better, but do not release with
greater than 5° bank angle. Be careful not to violate current Dash-1 release

limitations for the type bomb you are dropping. ‘
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. (7) You can continue to slew after designation. In this case the TD box is
ground stabilized so you are moving it over the ground rather than in relation to the
FPM. In addition, each time you slew, the FCC takes a new radar range sample.

3. CONTINUALLY COMPUTED RELEASE POINT (CCRP)

a. Introduction. You normally use CCRP for making level attacks but you can use
it for toss attacks as well. You'll get HUD and REO steering to the selected steerpoint
(See Figure 3.13). If you've typed in offset data, you can also use the offsets to help
find the steerpoint. In addition to HUD steering and time-to-release you'll see a 100
mil circle two seconds prior to the maximum range toss cue when you get close
enough to the steerpoint that a 5g pull-up to 45° of pitch will get the ordnance on
target.

7 206M 020
Y
® /.-.,\
REO

FIGURE 3.13 CCRP Symbology

b. Operating Procedures for Dir Aim CCRP (RLD event)

(1) FCNP. Data Knob not in DEST and Thumbwheel to destination. Ensure
you are in Dir Aim with the Fire Control Radar (FCR) in auto or GM. On the SCP
select AG, weapon profile, and CCRP. Put Master Arm in SIM or ARM (on range
only.)
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(2) Employment.

(a) Range is BARO ranging because you are in CCRP and AGR is not
available. So, check your system altitude and do an ACAL if necessary.

(b) Select the lowest radar scope range that will show the steerpoint. Use
the HSI DME initially, and then keep the cursors in the top-half of the scope. Check
for DIR in the lower right corner of the REO.

(¢) With the antenna elevation knob in the detent, the radar should be
pointing directly at the thumbwheel coordinates and the radar cursors should be close
to the steerpoint. As you get closer, the FCC will automatically control tilt to keep
the steerpoint illuminated (elevation knob in the detent). '

(d) You must control receiver gain to get the best return. Go big to small
and bright to dim. Don't jump onto the first bright spot you see on the REO and move
the cursors to it.

(e) Once you locate the steerpoint return or its area, move the cursors over
its center. RTN-TO-SRCH to see more detail in EXPAND.

(f) As you get closer you'll probably have to reduce gain and the radar
range to keep the cursors in the top half of the REO. Use of "hands on" radar gain
control on the throttle is highly recommended.

(g) Fly the FPM to the CCRP steering line and look for the steerpoint in
the TD box. Time to release is available in the HUD and REO. The time in the REO
is always time to release. ‘

(h) Two seconds before you arrive at max toss range (where a 5 g pull up
to 45° will loft the bomb to the steerpoint), you will get a 100 mil circle in the HUD.
This is the max toss anticipation cue. It will begin to flash at max toss range and the
FCC will put a solution cue high on the steering line. The 100 mil circle will flash for
two seconds and disappear. The solution cue will drop towards the FPM as you get
closer to the computed release point.

(@) If you're going to bomb the steerpoint, you have a choice of delivery g
and pitch. You can pull up to 45° and loft the ordnance, continue in level flight across
the target, or anywhere in between. V

1 Check for RDY in the upper-left corner of the SCP and pickle and
hold prior to the solution cue reaching the FPM or before time-to-go equals zero.
When the solution cue reaches the FPM, the bomb will release and the FPM will
begin to flash and continue flashing until you release the pickle button.
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2 After release, turn to crosswind if you're going to stay in the bombing
pattern. On downwind, set up the radar (20 mile scope and gain up), SCP for the next
attack, and Master Arm out of Arm if necessary.

c. You may use offsets to help find the steerpoint. In some cases, the point might
not be radar identifiable so an OAP would be mandatory for a non-visual attack. In
other cases, the steerpoint might be definable, but another point might provide better
resolution, e.g., you might select an OAP to the side of your ingress track so you could
use DBS.

Enter OAP data in DEST. (This should be done in the CHOCKS)

(1) Place the steerpoint you wish to associate with the OAP under the
thumbwheel. :

(2) Push the appropriate OAP button on the FCNP.

(3) Enter true bearing (to the nearest 0.1 degrees) from the steerpoint to the
OAP in the LMD.

(4) Enter the distance (to the nearest foot) between OAP and steerpoint in the
RMD.

(56) Data OPT to E/N then enter the OAP elevation.

d. Radar work with an OAP is essentially the same as without one. In fact, it's
so similar that it's easy to get confused.

(1) You must insure the return you're putting under the cursors and the DIR
AIM-OAP button you've pushed correspond or else you'll be in for a rude surprise. For
example, on many ranges a radar reflector is in close proximity to the target. In such
a case, it would be very easy to be in DIR AIM but refine on and bomb the reflector.

(2) Always look at the big picture first. If your DR was any good at all, you
should be heading right at the steerpoint. Thus, the cursor intersection is going to be
on the REO centerline. While in a non-expanded mode, select OAP1 and OAP2 and
see if the cursors jump approximately where they're suppose to go. If you see a jump
in the wrong direction, you better check the FCNP data. Once you're certain you're
looking at the right return, expand the presentation. If you expand without first
checking for cursor jump, it's sometimes difficult to catch an error because the cursors
remain in the center when you change DIR AIM-OAP selection in expand.

(3 Remember, whether or not you're in DIR AIM or QAP with the Master Arm
out of OFF, HUD and REO steering is always to the steerpoint (corrected for any
cursor inputs).



3.86 SYSTEMS PHASE PLANNING GUIDE

4. LOFT DELIVERIES. LOFT delivery profiles are compatible with air-burst freefall
weapons or when attempting to deliver freefall weapons in a standoff manner.

a. Introduction. Target and OAP selection and radar sighting same as for CCRP
delivery.

(1) When using the LOFT delivery mode, you must enter a planned release
angle (PRA) and a minimum release altitude (MRA) into the SMS via the SCP. If the
MRA above ground level (AGL) is a nonzero value, a release will not occur below the
entered value of altitude (AGL). The PRA for this event will be 30 degrees and MRA
of 500 ft AGL.

(2) The HUD LOFT display includes a target symbol that represents the target
location and a diamond symbol that represents the offset aimpoint location (if se-
lected). The FCC computes azimuth and elevation steering commands and transmits
them to the HUD and REO displays. The pilot uses these azimuth and elevation
commands to fly the aircraft toward the release point. At 10 seconds to go to pullup,
the pullup anticipation cue is displayed on the HUD and moves toward the FPM. The
solution cue is displayed at the top of the Bomb Fall Line (BFL) and indicates the
relative time to release. If a low-drag weapon is selected, the release angle scale
(RAS) is also displayed, offsetting the altitude scale. To the left of the RAS a
horizontal line is positioned at the planned release angle. A caret is also displayed
that represents the angle that release would occur if a 4g pullup was initiated at that
moment. When time to go to pullup equals zero the pullup anticipation cue resets
below the FPM and becomes the pullup steering cue. A 30-milliradian circle is posi-
tioned half the distance between the PRA and the FPM as a guidance to the PRA.

(3) If the pilot depresses and holds the WPN REL (pickle button) switch, the
FCC will generate an automatic release signal when calculated conditions are
obtained and the altitude is greater than the entered value of the minimum release
angle. LOFT symbology is illustrated in Figure 3.14.

b. Operating Procedures - LOFT.

(1) Program MRA and PRA into SMS. Ensure the data knob is not in
Destination and the Thumbwheel is on target. Ensure you are in DIR AIM with the
FCR in Auto or GM on the SCP select AG, weapon profile and LOFT. Put Master
Arm in SIM or ARM (on range only).
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FIGURE 3.14 Loft Mode Symbology

(2) Employment.

(a) The use of the radar is the same as in CCRP RLD.

(b) Fly the FPM to the steering line on the HUD. At 10 seconds to pullup,
the LOFT pullup anticipation cue is displayed and approaches the FPM.

(¢) Initiate a 4g pullup to the planned release angle when time to pullup
equals zero. Note the LOFT pullup anticiation cue on HUD becomes the pullup
steering cue. And a 30-milliradian circle is positioned halfway between the planned
release angle and FPM.

(d) Maintain FPM on steering cues displayed on HUD.

(e) Depress WPN REL switch on the Side Stick Controller (SSC) prior to
time-to-release of zero and hold until automatic weapons release. When solution cue
reaches center of FPM, time-to-release will be zero and bomb will be released
automtically. 30-milliradian circle and pullup steering cue are turned off 2000 feet
after target flyover.
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NOTE: The letters "LO" are displayed and flashed to indicate an unsafe condition
when the aircraft is 300 feet radially below the computed maneuver profile. Before
10 seconds to pullup and after weapon release, a flashing "LO" will indicate improper

fuse arming.

(3) Special Operating Considerations - LOFT.

(a) Release Angle Caret. When the caret is displayed at the 45-degree tic
on the release altitude scale, the maximum toss point is reached. When the caret is
at the zero-degree tic, the aircraft is at level release conditions. The aircraft will no
longer be within release conditions for a release when the caret is limited to the zero-
degree tic. The path of the caret is limited at zero degrees.

(b) HUD Sighting. The A/G TD box displayed on the HUD can be used for
target designation since the cursor slew commands update both the radar and the
HUD sighting cursors. However, in this mode the cursor movement is optimized for
REO operation unless the FCR is placed in STBY via the RCP MODE knob. The
offset aimpoint symbol (a diamond) or the reference point symbol (a circle) on the
HUD can also be used for sighting.

(¢c) Altitude Calibration. Since altitude error is a significant contributor
to weapon delivery error, accomplishment of an altitude calibration as near to the
target location and release conditions as practical will minimize this contribution to
miss distance.

(d) Unsafe Conditions. A flight path 300 feet radially below the flight path
model will cause a flashing "LO" to be displayed in the center of the HUD indicating
an unsafe flight path. A flashing "LO" before 10 seconds to pullup or after weapon
release indicates improper fuse arming.

(e¢) FCC Inhibit. The FCC will inhibit weapon release if the aircraft is
below the entered minimum release altitude and LOFT has been selected.

(f) Software Code Restrictions. If the same target is reattacked, a 5 mile
run-in is needed to reset the parameters used to condition the software. If this cannot
be achieved exit A/G and reenter the mode.

5. COMPUTED DIVE BOMBING ERROR MANAGEMENT. (OPTIONAL)

Eons ago when computed delivery systems first arrived in the USAF, there were those
who said they would only bet on manual bombs. Their reasoning was sound, for
surely the magic boxes would make all pilots equal and the bets would be between
"systems" not the pilots. It did not, and has not turned out that way. The same
people keep dropping the best bombs and winning the money whether the bet is on
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manual or computed bombing. Why? They know more about the system and thus are
able to apply error analysis prior to and on the range. While the complexity of the
system does not allow for easy error analysis, there is a way to organize computed
error analysis which will not only improve your bombs, but also result in better write-
ups. And, better systems lead to better bombs. There are three main sources of error
when the F-16 drops a bomb: you, the INS, or ranging.

a. You. Before you blame the INS or change the ranging mode, look within
yourself.

(1) Did you really designate/pickle with the TD box/CCIP pipper stabilized on
the desired aimpoint?

(2) Were you pushing and pulling on the pole after designation? True, the
system is supposed to handle ham fists, but some modes/systems just can't handle
them as well as other systems.

b. Make sure you are not the problem before you delve further into the mystery
of that "50 meter at 12 bomb." Be consistent on all your passes. Accurate error
analysis depends on having similar parameters on each pass.

¢. Once satisfied you are not the problem, there are some things you can do to
determine whether the INS or the ranging mode is at fault. The first step is to
understand these basic principles:

- Ranging errors cause 6/12 o'clock misses only.

- INS errors may be in any direction.

- The magnitude of an INS error depends on the time from designation to bomb
impact and will, in general, be small for visual bombing.

With these principles in mind let's look at some simple examples. To observe the
effect of errors, it is necessary to have ground stabilized symbology to look at. Let's
first look at DTOS.

(1) First pass. The TD box was on the truck--bomb hit 60 at 12, release was
in either a smooth dive glide or at a constant g. Eliminating "You" as the problem,
the bomb hit 60 at 12 either because of an INS problem, a ranging problem, or a
combination INS/ranging problem.

(a) FIRST: Leave the target designated (DTOS).

(b) As you roll in on your second pass you see the TD box 40 feet at 12
o'clock (Figure 3.15). Any INS error will affect the bomb impact in the direction of TD
box drift. As a rule of thumb the INS drift will affect the bomb by approximately 10
percent of the drift distance between passes. In this case the INS affected the bomb
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4-5 feet. That leaves the other source of error--the ranging mode. Your correction is
either aim short (60/6) or change the ranging.

x =BOMB IMPACT

FIGURE 3.15 Error Analysis I

(2) Okay, that was easy. Now try this one. You aimed at the truck and the
bomb impact was 60/12. The second pass shows the TD box 200/6 (Figure 3.16).

x =BOMB IMPACT

]

FIGURE 3.16 Error Analysis II

(a) Again, the INS error affects the bomb in the direction of drift. By
applying the 10 percent rule the bomb should have hit 20/6; but it did not. The bomb
hit long. Again, bad ranging is the problem. Had there been no INS drift the bomb
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would have been 80/12. Your correction is either aim short (60/6) or change the

ranging mode.

(b) Next example: The bomb impact is 60/12. The second pass shows the TD
box 600 feet at 12 o'clock (Figure 3.17). This one is easy. 10 percent of 600 feet is 60;
thus, INS error is responsible. With an INS error you have two choices:
1 Aim opposite the direction of drift by 10 percent of the amount of
drift between passes.
2 Go manual when aiming symbol drift is more than you can or want
to compensate for.

x =BOMB IMPACT

FIGURE 3.17 Error Analysis III

(3) In another example; bomb impact is again 60/12. The TD box is only 300
feet at 12 on the second pass. Ten percent of 300 feet is 30, so it appears that the
error would be equally divided between the INS and the ranging mode.

(4) So far, the TD box has been conveniently at 6 and 12. Let's progress to a
more common problem.

(a) The bomb hit 50/6. Eliminating "You" from the problem, this is what
you see when you roll in the second time. The TD box is 400 feet at 4-5 o'clock
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(Figure 3.18). A quick eyeball shows that the aiming symbol is about 200 feet short
on the run-in, thus accounting for about one-half the impact error.

x =BOMB IMPACT

FIGURE 3.18 Error Analysis IV

(b) Why didn't the bomb hit to the right? Only if you follow the steering
line will TD box azimuth drift affect the bomb. You'll probably get more bulls in low
angle events by aiming at 6 or 12, as appropriate, and flying over the target
disregarding the steering line. Strong crosswinds or long slant ranges will require
you to use the steering line more.

(¢) CCIP Analysis: The most common method for CCIP error analysis is
the actual bomb impact versus the pipper placement at pickle. INS error and ranging
errors affect the problem just as in DTOS, but CCIP minimizes INS errors. In CCIP
you have one way to tell drift. Assuming the target is in the selected thumbwheel
position, you should have a diamond over the target (or close by) in CCIP (or DTOS)
which can be observed for INS drift. By remembering the basic principles you can get
a good idea of the problem. Misses left or right are normally due to INS problems.
Large misses short or long are probably a ranging problem. Small misses short or
long could be either.

(d) The previous discussion should serve to give you an awareness of the
types of errors and their symptoms, but the main thing you need to know is what to
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do in order to get the "bull". You may have noticed in the previous discussion no
matter what the source of error was, the solution for the next pass was to adjust your
aim point. This applies to CCIP as well as DTOS. You simply "go to school" on your
first bomb.

RULE OF THUMB: To correct a known error simply aim that distance in the
opposite direction.

d. When what is happening to your bombs bears no resemblance to anything that
has been covered, the best advice would be to:
(1) Make your passes consistent.
(2) Try to eliminate sources of error. It's easier to get the exact cause if you
narrow the choices.
(3) Collect as much data as possible so your writeup can be as meaningful as
possible. (This is what being a tester is all about.)
(4) Go manual.
e. Let's look at a few other considerations to maximize our "target" potential.
(1) Ranging error may or may not be constant. System altitude will usually
be consistent. Radar ranging will often vary with slant range (boresight error).
Taking a constant system altitude error for example, it is a fairly simple problem to
figure out how much to move your aimpoint as you change events. If in 30-degree DB
you're aiming 50 feet short for a pure ranging problem (and getting shacks), you need
to aim to 1.7 X 50 or 85 feet short when you go to LALD.
(2) Impact error due to INS drift will be primarily a function of bomb time of
flight.

(a) The average time-of-fall for both: LALD and DB is 7 seconds.

(b) Let's assume you started with a 30 degree DB and had to aim 50 feet
at 6 to get a bull due to the INS error. If your next event was 15 degree LALD which
has considerable less bomb TOF (4 seconds vs 7 seconds), you should move your
aimpoint to 30 feet at 6 o'clock. ,

(8) To summarize, if all you did was aim opposite the last bomb impact, you
would probably get good bombs, but you're going to suffer as you change events and
the analysis of bombing results will be meaningless if you don't know the source of

bomb error. If possible, view the TD box drift between passes, compare bomb impact
with drift and use the 10 percent rule to tell you whether the INS or the ranging is
at fault.
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6. COMPUTED DIVE BOMBING AND RANGING/METHODS CONSIDERATIONS

a. Ranging. Your selection of a ranging mode is critical when it comes to
optimizing your hit probability. There are several factors which affect your choice of
a ranging mode. What type of pattern will you be flying: box, pop, or curvilinear?
Over what kind of terrain will you be flying? How about the dive angle? Will it be
steep or shallow?

(1) Radar. Assuming all modes are operating properly, radar is the primary
ranging mode. If using pomt;blank aiming, do not designate early unless you plan to
slew for refinement because the last ranging sample will have been at designation.

(2) System Altitude. If you suspect AGR is in error or is inconsistent, BARO
ranging may be preferable to radar ranging particularly in steep dive angles,
curvilinear, or pop-up patterns over rough terrain. Better bombs using the BARO
ranging occur with steep, rather than shallow dive angles.

(8) In any case, prior to dropping for quarters:

(a) Analyze each ranging mode for system operation.

(b) Analyze the events.

(¢) Analyze the terrain.

(d) Plan a mode that optimizes your hit probability.

(e) Determine the method of weapon (bomb) delivery.
b. Method.

(1) The F-16, with its sophisticated avionics package, gives the pilot several
visual bomb delivery options. Specifically, the ordnance can be released in the
following ways:

(a) Computed Delivery.
1 CCIP
2 DTOS
(b) Manual Delivery.
1 Manual Delivery with HUD and computer.
2 Manual Delivery with HUD and without computer.
3 Manual Delivery without HUD or computer.

The preceding list makes it obvious the method of delivery is dependent upon the
equipment available. To determine the method to be used, consider the following:

(2) Full computed delivery is usually preferred due its inherent accuracy and
independence from precalculated dive angles, airspeeds, altitudes, and winds.
Computed delivery is dependent, however, upon the following:
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(a2) An operable computer.

(b) Accurate INS fine alignment (good INS velocities).

(¢) An accurate ranging reference (radar or system altitude).

(3) Should any of these three prerequisites be unavailable, some degraded
method of delivery is in order. If all are available and accurate, there is little or no
reason to deliver in other than computed mode.

(a) If the FCC computer is inoperative, there is no choice other than to
deliver manually. This can be done with the help of the HUD, which will still provide
airspeed and altitude scales along with pitch lines and FPM.

(b) If the computer is operable and ranging is accurate, but inertial
velocities are inaccurate, computed delivery may be extremely difficult or impossible.
Consider going manual.

(o) If AGRis bad, go BARO by turning the radar to STBY. The FCC will
now be using the CADC system altitude in its bombing calculations. The accuracy of
the bombs now depends on the accuracy of the system altitude. If the system altitude
is correct, your bombs will be as good as with good AGR. If it is incorrect, the 6-12
error will be consistent for each type of delivery. Correct for these errors as discussed
in the previous pages.

(4) In determining the method of weapon delivery:

(a) Confirm the computer status.

(b) Determine the accuracy of your INS alignment.

(c) Appraise the accuracy of the radar and barometric ranging.

(d) Choose a computed delivery if all systems are good.

(e) Choose a computed delivery without the HUD if the HUD has failed but
computer is good (backup DTOS).

() Choose manual delivery aided by the HUD if the computer is
inoperative.

() Choose manual delivery without the HUD if it has failed and the
computer is also inoperative.

(5) Practice these various methods of delivery often since each involves special
unique procedures.

LIMITATIONS AND PARAMETERS:
1. After two fouls, the crew will leave the range and RTB. The RCO/IP will issue
fouls for any of the following reasons:

a. Recovering below minimum:; i.e., foul altitude.
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b. Abrupt or dangerous recoveries.

¢. Delivery on the wrong, or unauthorized target.
d. Any dangerous pass or act deemed unsafe.

e. Releasing without clearance.

9. RELEASE PARAMETERS:
EVENT  RELEASE AIRSPEED  REL/MIN RELEASE ~ FOUL ALTITUDE

30° DB 480 KTAS 3.52.9K AGL 1500 FT AGL
15° LALD 480 KTAS 2.0/1.6K AGL 1000 FT AGL
RLD 480 KTAS 1000 FT AGL. ~ -=----
30° LOFT 480 KTAS 1400FTAGL -

3. BASE LEG PARAMETERS:

EVENT DISTANCE FROM TARGET AIRSPEED ALTITUDE, AGL
30° DB 11,900 FT 400 KTAS 7900 FT
15° LALD 12,900 FT 400 KTAS 4200 FT
RLD 6 NM 350 KTAS 1000 FT
LOFT 6 NM 350 KTAS 1000 FT

4. Minimum airspeeds in bombing pattern: F-16 250 KIAS

5. The mission will be flown on a conventional range, either single ship or as a flight
of two.

6. A range officer must control the mission while on the controlled range. If SPORT
acts as the RCO, the minimum altitude on the range is 300 FT AGL.

7. At least one dry practice pass per event will be flown for familiarization prior to
releasing the first bomb for that event.

8. The weapon system should be fully operational prior to takeoff (HUD, SMS, INS,
FCC and FCR).

9. Hung ordnance is defined as ordnance that has not been released, although an
attempt was made to release.
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10. Unezxpended ordnance is defined as ordnance where no attempt to release has
been made.

MISSION EVENTS: (Gradesheet, pg A.7)

NOTE: ALTITUDES ARE AGL SO ACTUAL TARGET ELEVATION MUST BE
APPLIED TO ALL ALTITUDES.

1. MISSION PREPARATION. The student will compute the mil settings to be used
for 30° DB, 15° LALD, and 1000 ft AGL LEVEL (RLD backup) events, using the
mission planning procedures contained in the appropriate weapons delivery manual.
The student will review the preflight of the weapons load and the in-flight procedures
for weapons release and jettison. Obtain winds aloft from base weather.

2. FTNs will plan the mission to concentrate on radar deliveries; however, the IP will
demonstrate at least one of each type of visual delivery.

3. BRIEFING. The IP will review the mil settings, weapons procedures and brief the
mission, including range procedures, delivery parameters, foul altitudes, bombing
techniques and hung or unexpended ordnance procedures. A telephonic or face-to-face
briefing of the RCO on events to be flown is highly desirable.

4. TAKEOFF. A normal single ship takeoff or a minimum 8 sec spacing departure
(2 ship formation) will be performed.

5. RANGE/ENTRY HOLDING. Range entry for the PIRA will be made along the
bomb run in line via the Alpha Corridor at 1000 ft AGL minimum when cleared by
the RCO. Brief the RCO on the events to be flown, if not already accomplished. Use
up for 30° dive bomb" after
passing over the target and initiate a climbing turn to downwind leg. On this initial
pass, accomplish an altitude calibration on the Fire Control Navigation Panel (FCNP).
Select all bomb switches, leaving the Master Arm switch off until on final for bomb
release and specifically cleared by RCO. If using Superior Valley refer to the range

your assigned mission frequency. Call "Cobra

regulation for proper procedures.

6. 30 DEGREE DIVE BOMB. The objective in this delivery is to arrive at a
particular point in space with specific conditions of flight. They are the desired dive
angle, slant range to the target, airspeed, g, pipper (aiming index) on the aim point
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and in coordinated unaccelerated flight. The following description describes manual
bombing events. Computed bombing is based on the principles of manual bombing.

a. Base Leg. The placement of base leg is very important. Use visual references
to help establish base leg pésition. This position and the roll in technique will
determine the dive angle. Double check switchology and "wire" the desired base
altitude and airspeed.

b. Roll In. Start the turn slightly before passing abeam the target and call
"COBRA in hot (or dry)." With a head wind on base, start the turn later than
normal; with a tailwind on base, start the turn earlier than normal. During the turn
to final, maintain visual reference with the target. DO NOT ATTEMPT TO FLY THE
SIGHT TO THE TARGET. If you do, pendulum effect will cause an overshoot. A
common error is to relax the turn rate during the latter portion of the turn and lose
an excessive amount of altitude prior to reaching wings level. This will reduce
tracking time on final. Roll out wings level so as to fly over the target with the
aircraft flight path pointed beyond the target by the planned aim off distance (about
1600 ft for 30° dive bomb). Power may need to be added during the roll in, especially
heavy weight, but reduce power to a preplanned power setting when on final.

c. Final. Place the pipper short of the target by the planned amount. This may
be estimated in feet by reference to the target circle or in mils by using the sight.
Check the dive angle on the ADI. The reading should be slightly steep at this time.
For dive angles of 20° or more, the release slant range will be determined by an
indicated altitude. Check the altimeter and note when the needle passes the hundred
foot marker corresponding to release altitude, then continue to cross check the
altimeter. The pipper should drift forward at a rate that will place it on release aim

point as release parameters are reached. If the pipper is not moving toward the
release aimpoint in a straight line, you will need to make an azimuth correction.
These corrections are made with quick aileron inputs by referencing the longitudinal
axis of the aircraft, NOT the pipper. Halfway down final, azimuth corrections should
be completed and a final airspeed check made. A typical final will last no more than
5 seconds. The pippér should drift to the release aim point at release altitude. Accept
pipper errors of less than 50 ft. Trying to correct pipper error at the last second will
produce larger impact errors. Do not "arm" or release unless "cleared hot" by the RCO
or Sport.

d. Recovery. Apply smooth, positive back pressure to make a wings level pullout,
obtaining 4 gs in 2 seconds. As the nose comes through the horizon, apply full mil
power and let the nose come up 10° to 20° above the horizon before turning. Safe the
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Master Arm switch and call "COBRA off hot (dry), switches safe." Turn to
downwind, check fuel, record the score, critique the pass and determine necessary

adjustments to improve the score. During the recovery ensure you do not exceed the
store limit of the aircraft.

e. Wind Correction. For headwind or tailwind on final, adjust the base leg into
the wind. Movement of the roll in and release aim points, sometimes called combat

offset, may be used to correct for wind. With this method, you release with the
manual pipper offset directly into the wind by an amount equal to the wind speed
times the bombing table wind correction factor. The initial pipper placement should
be adjusted 2-3 times this offset distance into the wind (assumes tracking time is 2-3
times bomb time of fall).

f. This event will be flown twice each using CCIP and manual bomb modes.

7. LALD BOMBING. The 15° dive, 1000 ft AGL (or above) release is very similar to
the 30° delivery. Rate of airspeed buildup will be low compared to 30° dive bomb.
Basic principles of instrument crosscheck and wind correction remain the same. This
event will be flown in both CCIP and DTOS modes. Refer to 1F-16A-34-1-1 for
differences in CCIP and DTOS symbology.

8. RADAR LAYDOWN (LEVEL) DELIVERY (RLD). The radar level delivery is flown
using the CCRP delivery mode. The pattern is very similar to the dive bomb pattern
however the base turn is flown farther away. To ensure adequate time to identify the
target and get on conditions the recommended minimum base distance is 6NM. Fly
downwind at 1500 AGL with a descent on base to 1000 AGL. Identify the target on
radar (use offsets if desired) accelerate to 480 KTAS. When cleared to ARM, depress
the weapon release button and fly out of the weapon release cues. At weapon release
(FPM flashes also) "safe" up the system and proceed with the next pass. This event
will be flown twice.

9. LOFT DELIVERY. The pattern is flown identical to the RLD pattern. For a little
additional time on final, the base may be stretched out to 7-8NM as the loft maneuver
will occur well prior to the target. Ensure the weapon, mode, and parameters are set.
PRA of 30 degrees and MRA of 500 feet must be confirmed if not previously
accomplished. As the steering anticipation The following descriptions are expansions
and general techniques that can be used during the sortie. Each individual leg and
the appropriate switch settings are described in the System Eval Cards. These cards
are to be noted and any extra mission events approved by the IP prior to flight. Cue
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reaches the FPM, initiate the loft maneuver ensuring the weapons release button is
depressed. At bomb release, "safe" up the system and initiate a roll to 90° allowing
the nose to track down the horizon and recover to level flight. Proceed with the next
pass. This event will be flown twice.

10. CONTROLLED WEAPONS DELIVERY: (MANUAL DELIVERY)

LEVEL DELIVERY. Parameters for the level delivery are 3000 ft AGL, level at 430
KTAS, bomb range of 9800 ft, and time of fall of 13.6 sec. Tolerances are +50 ft, VVI=
0, and +2 kts. A rehearsal run will be made prior to the "hot" pass. The IP will demo
the first rehearsal run. The FTT for this type of pass is like combining a GCA with
tower flyby techniques. Power and trim must be set as early as possible and then
concentrate on small heading changes from the ground controller. Do not put the
Master Arm Switch to "Arm" until "cleared to arm" from the ground. On the hot run,
the ground controller will give countdown calls at 2 mins, 1 min, 30 secs, cleared to
arm, 10 secs and 5, 4, 3, 2, 1, release. The call from anyone to abort the pass is "skip
it, skip it." After a release, call "off hot, switches safe" (after turning the Master Arm
- OFF).

30 DEG FLIP-FLOP DELIVERY. The initial part of the pattern is much like the level
delivery. Ground references can be used to roughly get established on final but then
the controllers guidance should be used for the fine corrections. The ingress
parameters for the maneuver are 8300 ft AGL and 400 KTAS. Again, a rehearsal is
normally flown prior to going "hot". At the appropriate spot, the ground controller
will say "push in 10 secs" then "ready push" at 15,800 ft from the target. At the
"ready push" call, you should smoothly roll at a moderate rate to inverted and then
smoothly pull down at 2 - 2.5G to 30 degrees of dive. Then, unload slightly (so you
don't pull off the line) and roll upright. The release parameters for this delivery are
30 degrees of dive, 4000 feet AGL, bomb range of 5025 feet, time of fall of 7.8 secs,
and 480 KTAS. Tolerances are +2 degrees and +5 kts. Remember altitude is
dependent on the controller, but check it! The variables for you are entry airspeed,
throttle technique, and altitude at the pushover point. The controller will give you
right/left corrections and above/below the line corrections. Remember that like a GCA
you have to put in a correction and then take it out when you are back on the line.
Pull off smoothly with 4 Gs until the nose is above the horizon, then Mil power.
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11. RANGE EXIT. Call off with switches safe after the last bomb is released. Safe
all bomb switches and exit the range in accordance with applicable procedures. For
the PIRA, exit the range to the north, avoid overflying the Phillips Lab and proceed
to R-2515 or RTB, as fuel permits.

12. LANDING. Make a normal full stop landing. If ordnance is hung or unexpended,
make a straight in approach (IAW AFFTCR 55-2 and In-flight Guide). De-arm on the
center taxiway or other designated de-arm area prior to proceeding to the parking
area.

13. DEBRIEF. The student will critique his bombing patterns. The IP will critique
the mission and debrief bombing techniques as required.

INSTRUMENTATION:
HUD video, video bomb scoring or equivalent, tracking radar.

REPORTS:
Individual Daily Written within 3 days.
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F-15 AIR-TO-AIR SYSTEMS EVALUATION
(PILOTS/FTE/FTN)

REFERENCES:

1. T.O. 1F-15A-1, F-15 Flight Manual,

2. T.O. 1F-15A-34-1-1, Nonnuclear Weapons Delivery Manual,

3. T.O. 1F-15A-34-1-1-1, Nonnuclear Weapons Delivery Manual. (Classified)

PURPOSE:
To familiarize the student with the F-15 air-to-air systems and to qualitatively
evaluate the system controls, displays, and cockpit interface for the Air Superiority
mission. The evaluation will include the following systems:
a. Radar
. Inertial Navigation System (INS)
Heads-Up Display (HUD)
. Central Computer (CC)
Armament Control System (ACS)
Lead Computing Gyroscope (LCG)
Vertical Situation Display (VSD)
. Air-to-Air Interrogation System (AAI).
i. Video Tape Recorder (VTR) system.

F Rt e o

AIRCRAFT:
F-15B, F-16 target with ECM pod. (T-38 backup)

GENERAL:

1. This is a demanding sortie designed to familiarize the student with air superiority
fighter systems. Every effort should be made to qualitatively evaluate all the systems
and their displays and controls. This sortie will require a significant effort in student
preparation, with the primary objective being systems evaluation.

2. In-flight data cards will be prepared by each student for both the IP and the target
aircraft.

3. This mission will require a briefing 2 hours before takeoff, and will have a typical
duration of 1.2 hours.
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LIMITATIONS:

1. Minimum altitude for intercepts will be 1000 ft AGL for the target aircraft and
2000 ft AGL for the F-15. The F-15 may complete a stern intercept on a non-
maneuvering target at 1000 ft AGL when adequate turn room is available and the
target is visual, so as not to go below 1000 ft AGL.

2. Standard intercept rules will be briefed and adhered to, including the establish-
ment of altitude blocks to ensure safe separation. Particular attention must be given
to maintaining safe separation during electronic countermeasures (ECM) intercepts,
since some radar information may or may not be present.

3. If at any time safety of flight is compromised during an ECM intercept, "STOP
MUSIC" or "SAFETY, SAFETY" will be broadcast on the working frequency and the
target aircraft will terminate use of the ECM.

4. Minimum airspeed for the F-15 during any intercepts below 5000 ft AGL will be
350 KCAS to maintain maneuvering capability. Limit nose low descent angles to less
than 30 degrees during low altitude intercepts below 5000 ft AGL.

SYSTEM SPECIFICS:

ACS Panel Setup
With MRM selected on the weapon select switch, check HUD window 2 (lower left
corner) for either an MOM or an MOF indication. If MOF is shown, then you need to
reprogram the jet as follows:
1. Select program 1 (PROG 1) on the ACS panel A/G select knob
2. On the INS NCI panel, select
Data Select Knob- CCC
Destination- M1
Weapon Select Switch- MRM
NCI Panel- Press UPDATE to change F to M (on HUD)

Radar BIT

~ With the radar power switch in standby (STBY), select RDR on the BIT control panel
(BCP) and initiate BIT after the radar times in (starts to sweep on VSD). Ensure

G-TEST is displayed in the BIT window (lower left corner of VSD) before proceeding,

since this verifies that the jet will not radiate (and burn the crew chief!) when opérate

is selected. Once verified, terminate the STBY BIT by depressing the auto acq switch
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on the stick grip, and then select OPR (operate) on the radar control panel. After the
radar completes the TUNE cycle, (TUNE will disappear on the VSD and altitude
elevation will reappear in the upper left corner) select initiate on the BCP. G-TEST
will appear again, followed by TK TST in 7.5 seconds. Initiated BIT (I-BIT) can then
be entered by moving the auto acq switch FWD or AFT on the stick while TK TST is
displayed. When in I-BIT (as a minimum), lock on to a high PRF target (at 24 NM)
and a medium PRF target (any of the 9 targets inside 15NM), letting the track
stabilize each time and then breaking lock (depressing the auto acq switch) in
between. Also test the auto acq modes of super search, boresight, vertical scan and
auto guns. Then, break lock and get back into a search mode (not auto guns) and
then depress the initiate button on the BCP.

The radar will go into an auto test mode to finish the BIT (about 3 minutes long).
When it completes the I-BIT (when the radar starts to sweep again), select STBY on
the radar control panel and initiate another BIT on the BCP. Record the I-BIT and
CM-BIT faults (if other than the normal 12--D readout) and the BIT is finally
complete!

Intercepts
Briefing an Air to Air Tacan and a Mode 1 squawk is always a good idea to get range

info to the target for each intercept. If Cords road is cold, it makes a good visual
reference to use also. (i.e., precoordinate with Sport) Plan each intercept with at least
a 30 NM set-up initially. As proficiency improves (hopefully!) during the sortie, you
might be able to reduce the ranges slightly.

At the start of each intercept, place the acquisition symbols at the target range and
adjust the elevation to center up the target altitude. Typically, 60° azimuth sweep
and 4-bar elevation is a good sweep pattern to begin with, and can later be narrowed
down in both az and el as your comfort factor improves with using the radar.

When a raw radar return shows up, interrogate the target squawk by depressing the
AAT button (front of right throttle) and verifying the appropriate VSD symbology
(diamond for modes 1, 2, 3; circle for mode 4). Refer to the AAI system description
in the F-15A-34-1-1. Lock-on to the target by depressing and releasing the TDC with
the target between the acquisition symbols. A full system lock-on should now be
displayed. The objective now is to get enough turning room on the target to be able
to complete a stern conversion by going pure pursuit (center up the target designator
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box over the aircraft waterline in the HUD) at 10 NM. This allows you to see the
target in the HUD, as well as keeping the pointy end of the F-15 towards the target
to deny him seeing your large profile. To get this turn room, you need to achieve a
13 aspect angle (AA) at 10 NM from the target.

Aspect angle is the angular difference between the target's tail and the line of sight
from the F-15 to the target.

The F-15/target relationship in Figure 3.19 shows a 7L (70 degree) left aspect. The
L or R term means that the F-15 is looking at the Left or Right side of the target. For
example, if the aspect angle is increasing, the F-15 will pass in front of the target: if
decreasing, behind the target. If the displayed aspect angle remains constant, the
F-15 and target are on a collision course or are co-speed and co-heading.

FIGURE 3.19 Target Aspect Angle

Because of the larger angular displacement at longer ranges, a 13AA at 10 NM gives
the same turning room laterally as a 14AA at 15 NM, or a 15AA at 20 NM.
Whenever any of these aspect angles are met at the appropriate ranges, you're on the
"pure pursuit curve" and can center up the target in the HUD.
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Typically, you'll see either an "H" or a 17L or 17R at initial lock-on. Always turn
"away" from the aspect angle displayed for your turning room (i.e., if you see a 17L,
turn the aircraft to the Right). For an "H", turn in either direction. Turn to offset the
target 50° from the nose on the VSD, ensuring you do not exceed 60° and gimbal the
radar. (The display flashes at 55° as a cue to roll out!) Hold the target at 50° offset
angle until reaching the pure pursuit curve as previously described, then center up
the target in the HUD and get ready to fire.

For a visual identification (VI) intercept, obtain a radar lock-on, and then select the
VI master mode (to the right of the main ADI) while in either MRM or SRM on the
weapon select switch. Refer to the VI Steering section of the F-15A-34-1-1.
Recommend doing the VI intercept as the second or third intercept.

The CC off intercept will give you an appreciation for the information that the
computer provides to the pilot (and also show you what the F-4 WSO was good for,
among other things!). Turn the computer off (CC switch, left subpanel behind
throttles) before turning inbound for the intercept. You'll still have raw az and el
displayed as the radar sweeps, but you'll need to calculate in your head where to point
the radar to cover the target altitude at the appropriate range. Remember that 1°
down in elevation at 1 NM range is 100 ft. below your altitude. So a target at 30 NM
range (on your A/A TCN) that you briefed to be 5000 ft. below your altitude should be
about 2° below the horizon. (At 30 NM, 1° down would be. 3000 ft. below your
altitude.) Remember to keep your decreasing range to the target in mind if you don't
get a quick lock-on.

Your IP will discuss the ECM intercept cues with you.

Weapons Employment
Plan on doing a front-stern reattack on each intercept in which you plan to accomplish

a stern conversion. In layman's terms, shoot the target in the face with an AIM-7TM
on the way in, and then shoot him from behind with an AIM-9P after completing the
stern conversion, followed by a gunshot for good measure. When inside of R,,,,, for
the AIM-7M, pull the AIM dot inside the ASE circle on the HUD, verify a shoot cue,
(triangle under the TD box) and launch an AIM-7M with the pickle button. Pull back
off the target to keep getting turn room (unless you're already on the pure pursuit
curve), and then select SRM, since that'll be your next weapon used. (It also
commands medium PRF to help maintain lock through the beam) However, wait at
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least 2 seconds after launching the AIM-7TM before selecting SRM to prevent hanging
the missile. The pure pursuit curve should roll you out within 1.5 NM behind the
target and in range for an AIM-9P launch. Crosscheck the target's airspeed, and plan
on being co-speed to 50 knots faster than he is. Take the missile shot when within
45° of the target's tail and in range by centering the missile seeker circle on the
target's tailpipe(s). Call Fox 2 on the radio, and the target will turn 180° into you.
Thumb back to guns on the weapon select switch, pull a little lead (put the reticle
above the target) in the target's plane of motion, and squeeze the trigger with the
pipper on the target, shooting for between 1500-2000 ft. slant range. Come off the
target inside of 1500 ft. range with an out of plane rolling pull to keep sight of the
target AT ALL TIMES and do NOT get within 1000 ft. of the target at any time!!!
(Review target mils vs wingspan for 1000 ft. before the sortie) Violations or
dangerous maneuvers near the target will result in you losing the privilege of
assessing the gun in subsequent intercepts.

Plan on the target completing the 180° turn and going back to his start point for the
next intercept. After the last intercept, plan on following the target towards home
and evaluate the automatic acquisition modes of the radar and any other incomplete

items.

MISSION EVENTS: (Gradesheet, pg A.8 & A.9)
1. Mission Preparation:

A thorough understanding of systems and cockpit switchology is required along with
a detailed set of test cards. A suggested format is one card per intercept, detailing
changes in radar modes and switchology for each new area analyzed.

2. Briefing:

The pilot will brief the general and specific briefing guide and the systems which he
is going to evaluate on the mission. The FTE/N will brief only the specific items that
he will evaluate on the mission. The IP will brief ECM specific items and clarify any
areas the student has questions in. v

3. Preflight:
The preflight will be accomplished by the IP and observed by the student. Scramble
takeoff procedures including cockpit setup will be discussed concerning the F-15.

4. Before Taxi Checks:
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Program the ACS with AIM-7M missiles for proper HUD symbology. (AIM-9P
missiles come up automatically) Perform a radar BIT.

5. Takeoff:

A scramble takeoff and climb will be simulated. Have the target aircraft takeoff 2
minutes prior to the F-15 and proceed to Harper's Lake to hold. After coordinating
an unrestricted climb with tower, the F-15 will accomplish a flight manual afterburn-
er takeoff avoiding overflight of the hospital and housing areas. Climb to FL.200 and
proceed to overhead Mojave as the simulated CAP point. Upon reaching Mojave, both
fighters will turn inbound to start the first intercept.

6. Intercepts:
The type of intercepts accomplished will obviously be determined by the target and
whether or not ECM is available. As a minimum, the following intercepts will be
planned:

a. Three different medium altitude ECM mode intercepts (specifics classified).

b. A look down-shootdown front aspect intercept with an altitude of 1000 ft AGL
for the target and at least 10000 ft altitude delta for the F-15.

c. A visual identification (VI) mode intercept on a medium altitude target.

d. A CC off intercept on a non-maneuvering target.

e. An intercept on a target that does a 360 turn followed by a loop while the F-15
has a radar lock-on.

f. Other student determined intercepts as fuel allows.

All intercepts (except the low altitude intercepts below 5000 ft AGL and any front
aspect only intercepts) will be accomplished to a stern conversion and a simulated
AIM-9P launch, followed by a target 180 degree turn allowing the F-15 to close for a
gunshot to a knock-it-off call. The AAI system will be examined during any of the
intercepts to include modes 1, 2, 3, and 4 (dependent upon target capability) and
target squawk requirements will be listed for each intercept on the data cards
provided by the student. LCG capability will be examined during the gunshot portion
of the intercept to include normal operations, reticle stiffened mode, and CC off
operations. Any LCG requirements not accomplished during the intercepts may be
seen during canned visual setups after the last intercept or during RTB. Automatic
radar acquisition modes can be evaluated at this time also. (Supersearch, boresight,
vertical scan, and auto guns)
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7. RTB:
Plan on flying an ADI mode ILS back to the pattern, examining HUD symbology.

8. Debriefing:
The student will debrief the mission, concentrating on F-15 suitability for the Air

Superiority mission.

INSTRUMENTATION:
1. VTR tape for onboard recording. The tape will be classified confidential if weapons
ranges are recorded, and secret with any ECM cues recorded.

2. Tape recorder. (optional)

DATA REDUCTION AND REPORT:
None.
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F-16 SYSTEMS EVALUATION (GRADED MISSION, PILOTS)

REFERENCES:

T.O. 1F-16A-1, F-16 A/B Flight Manual.

T.O. 1F-16A-34-1-1, F-16 A/B Nonnuclear Weapons Delivery Manual.
F-16 Air-to-Ground Systems Ground School.

F-16 Weapons Delivery Familiarization, Systems PPG

F-16 Systems Sample Evaluation Mission Cards (Appendix B).
AFFTC Reg 55-2, Vol 1, Aircrew Operations.

AFMC Reg 55-7, Fighter and Trainer Aircrew Procedures.

N WD

PURPOSE:

1. To evaluate the student test pilot's knowledge of systems Flight Test Techniques.
The student test pilot should consider the three types of systems tests during this
evaluation. Early in the mission you will perform functional/performance checks,

gathering rough quantitative data and checking the operation of sensors (INS, Radar,
Radar Altimeter etc). Tests will then be expanded to include the evaluation of sensor
integration. Multiple sensors will work together to provide the pilot with useful
information during the integrated systems tests (A-G Weapons Deliveries, Radar
Freeze Mode). Near the end of the mission, three legs will be dedicated to an
integrated systems evaluation (ISE), where systems will be used with operational

considerations in mind.

2. On this test mission, evaluate the F-16A for the Battlefield Air Interdiction (BAI)
role. Evaluate the function, performance (rough order), controls, displays, systems
integration, cockpit arrangement, Hands-on Throttle and Stick (HOTAS), and human
factors of the following avionic systenis:

a. Inertial Navigation System (INS)

b. Fire control computer (FCC)
Heads-Up Display (HUD)
d. Stores Management System (SMS)
e. Radar Altimeter
f. APG-66 Radar

e
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ATRCRAFT: .

F-16B or 2 X F-16As with centerline or wing tanks (flight time limited to 1.5 hrs).
Simulated stores will be entered in the SMS on stations not occupied by external
tanks. The orange low level route will be scheduled.

GENERAL:

1. This is an interesting and demanding mission that will demonstrate the students
knowledge of systems test techniques. Due to the variety and complexity of systems
in the F-16, the student is cautioned to prepare for the mission by being thoroughly
familiar with navigation and weapons system operations, controls and displays. F-16
systems operation will be reviewed during the FTT briefing to include a preview of the
profile; however, this review will not be comprehensive. Study of the references for
this mission will be required. As questions arise during preparation, you're
encouraged to ask the F-16 staff IPs for help. Plan ahead to have your questions
answered prior to the flight briefing.

2. The primary objective of this mission is to conduct a systems evaluation, not

flight data cards will be prepared by each student. Example data cards are contained

simply flying the planned profile and making the systems perform. Comprehensive I
in Appendix B. Mission events/profile will be approved by the IP prior to flight.

3. This mission will require a briefing 2 hours before takeoff and the nominal mission
duration will be 1.5 hours. Low level route scheduling necessitates timely adherence
to the scheduled times.

LIMITATIONS:
1. The route is normally flown at or above 1000 ft AGL.

NOTE: Descent to 500 ft AGL is authorized for briefed updates or weapon
deliveries over sparsely populated/unobstructed terrain.

2. Low level airspeeds: Minimum - 400 KIAS (for engine restart capability)
Maximum - 450 KGS for planning purposes (AFFTC 55-2).

3. Simulated or training store weapon deliveries will be discontinued with any
weapon systems malfunction.

4. Release altitudes for simulated or training store weapons are 3500 ft AGL (30°)



SYSTEMS PHASE PLANNING GUIDE 3113

and 1000 ft AGL (10°). Minimum recovery (FOUL) altitudes are 1500 ft AGL (30°)
and 500 ft (10°).  Minimum airspeed for simulated releases is 420 KIAS. These
restrictions will be STRICTLY adhered to!

MISSION EVENTS: (Gradesheet, pg A.10)
1. Mission Preparation:

a. Thorough study, mission planning and detailed cards are required. Data cards
should include a realistic fuel/time line and appropriate bingo fuels. A partially
loaded DTC will be available from the IP to decrease ground time and allow
evaluation of DTC loading. A printout of the partial DTC load will be handed out
during the FTT briefing. The student should be prepared to load and/or verify all
data manually if required.

b. A video tape should be available prior to the briefing. The flight brief should
include SI procedures. During the mission record voice and the appropriate video
(HUD or REO) for post flight review and for a reference during report writing. Run
FCC time in the HUD if desired. Good data procedures are essential on this mission.

c. Knowing the size of HUD symbology will be helpful in determining distance
errors inflight and during video review. Remember that the distance subtended by
1 mil at a range of 1000" is 1 foot (Figure 3.2).

HUD SYMBOLOGY MIL SIZES

Nowe

PIPPER TD BOX
DIAMETER: 10 MILS DIAMETER: 12 MILS 10 MILS / SIDE
WINGS: 10 MILS
TAIL: 5 MILS

FIGURE 3.20
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2. Preflight:
The preflight checks will be accomplished by the student and monitored by the IP.

3. Before Taxi Checks:
a. After engine start the following destination and bombing data will be entered
into the Fire Control Navigation Panel (FCNP) and SMS. '

Destination/Name Coordinates Altitude Time-On-Target
0 EOR, RWY 22 N34 55.108 2280 -
Spot 2 W117 52.041
1 Cal City/Cords Rd N35 05.250 2290 A/D
W117 55.000
2 Isabella West Dam N35 38.780 2605 A/D
w118 28.820
3 Monache Mtn N36 12.320 9410 A/D
w118 11.710
4 Tinemaha Dam N37 03.380 4000 A/D
NW Corner W118 13.580
5 IP-Dry Lake N36 53.200 2500 A/D
W117 51.200
6 TGT - W Side Lake N36 42.180 1200 A/D
Nooch's Retum W117 49.300
7 Crossroads N36 20.400 1575 00:00
W117 25.281
8 Lake N36 02.000 1200 02:54
W117 14.600
9 1P - Factory N35 42.300 1650 05:57

W117 23.850 07:15 TOT

10 - 19 AS DESIRED

Vip Data: 192.2°/52000 ft/2020 ft

Bingo: 2200 lbs

Planned Release Angle (PRA) - 30 degrees
Minimum Release Altitude (MRA) - 1000 ft

b. Simulated weapons (B49 high drag and MK84 low drag general purpose bombs)
will be entered into the SMS.
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c. Localizer front course (224°)
d. Verify the FCR, FCC, SMS and HUD operational flight programs (OFPs).

4. Taxi.
Complete checklist items and evaluate the ability to adjust/verify the aircraft's
systems during taxi. Title the video tape.

5. Before Takeoff.
Complete appropriate test cards and all required checklist items. Refer to the F-16

Weapons Delivery Familiarization mission for suggested checks. With the INSTR
MODE switch in NAYV, verify all INS steerpoint bearing and ranges on the HSI from
an appropriate ground checkpoint.

6. Takeoff.

Just before brake release perform a "Mark" (MKA). Perform a normal Mil power
takeoff (Ma.x power if required at high aircraft gross weights). Record takeoff data.
Complete normal checks and fly towards steerpoint 1, California City/Cords Road
intersection, while setting up for the Air-to-Ground Ranging exercise.

7. Air-to-Ground Ranging (AGR) Qualitative Evaluation (Cloverleaf Check)

a. This test will give a rough estimate of the aircraft's AGR accuracy and ensure
the student understands the three dimensional nature of the FCC's NAV solution (The
angle to the TD box is determined by horizontal position and altitude). The DTOS
mode uses AGR and INS/FCR angles to ground stabilize the TD boxz. By using DTOS
to place the TD box on a point, followed by noting the TD box location when flying
perpendicular to the original flight path, a rough estimate of the AGR accuracy can
be evaluated. When flying perpendicular to the original flight path, an air-to-ground
ranging error would show as 3/9 error in the TD box location.

b. The F-16 System Eval Cards(Appendix B) contains a test card for this point.
Select A-G DTOS on the SMS and start the run 5 nm south of the intersection of
Cords Road and the north/south road leading from highway 58 to California City. Fly
a heading of 345° with an initial altitude of approximately 5000' MSL. When the
intersection gets near the bottom of the HUD, start a 10 degree dive toward the
intersection. Slew and ground stabilize the TD box on the intersection. Recover NLT
3500' MSL and turn to the right (away from California City). Do not reset DTOS or
move the cursor. Set-up to make another run from the east, heading 255° along
Cords Road. Fly at 3000' MSL and note the position of the TD box. If the radar
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ranged long on the previous pass, you would see the TD box north of the intersection,
whereas if the radar ranged short, the TD box would be south of the intersection.
Realize that any INS drift during the time you maneuver back toward the target will
introduce additional error in the TD box location.

8. Entering the Orange Low Level

Turn toward Mojave and climb above the Mojave Airfield Class D airspace.
Approaching Mojave Airfield perform a "Mark" when over-flying a prominent
landmark. This Mark Point (MKB) will be used at the end of the sortie as a
destination. Coordinate to enter the orange low level and turn on course to Isabella
Dam (DEST #2).

9. Mojave Airport through DEST # 4
a. During this portion of the mission you will perform functional tests and

integrated systems tests. In general, use the routing of the orange low level; however,
adjust airspeed and altitude as required to perform your tests. Maneuvering along
the low level route and at INS destinations will be required to verify avionic functions.
Always adhere to mission limitations, particularly the minimum airspeed at low
altitude.

b. The following paragraphs contain the minimum evaluations you are expected
to perform. The ride will be quite busy, so again the need for pre-flight study and
good flight test cards is emphasized. You should arrange the test points in the most
logical and efficient order while keeping fuel considerations in mind. In considering
mission planning, you may wish to perform some of the evaluations in R2515 the end
of the mission. Additional steerpoints, OAPs, or VRPs may be used if desired.

¢. Navigation and Timing Cues:

(1) Evaluate the navigation and timing cues presented in the HUD and HSI.
Primary concern should be with low level navigation but medium altitude navigation
may also be addressed. Specific areas to evaluate include:

(2) Navigation accuracy to the desired destination

(b) Cues to maintain a specific course to a destination
(c) Cues to correct back to course after a deviation

(d) TOT guidance accuracy

(e) Cues to correct timing after a deviation

(® Utility of the wind position on the FCNP

(g) Navigation cues in the air-to-air mode
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(h) Radar Altimeter

(2) Navigation accuracy will be assessed throughout the mission, but easily
identified point targets are best for this evaluation. It is important to understand the
difference and interaction between the INS solution and the FCC's slewable NAV
solution. Cursor zeroize (C/Z) is available to erase FCC NAV slew inputs when
required.

(8) Calculate leg times for the portion of the mission where you intend to
evaluate the TOT clock. Start the TOT clock on the FCNP and Mode Select to get
HUD symbology. To check your ability to correct TOT timing, recommend that you
simulate a counteroffensive level or climbing turn, then evaluate your ability to
resume low level navigation and TOT timing.

d. Fixtaking:

(1) Accurate fixtaking is important to correct errors which build over time in
most navigation systems. Test to ensure the avionics function properly during
fixtaking and evaluate the switchology and symbology associated with each type of
update (See OFLY FIX card in Appendix B). Note that for these functional checks you
will need to take a great deal of data to roughly determine INS errors and then return
to the point to ensure proper function of the update. Chair flying the test cards can

not be overemphasized! Specific areas to evaluate include:

(a) Overfly Fix - Perform at an easily located point target
(b) Radar Fix - Perform on a highly radar reflective point target

(2) Recommend performing one of the fixes approximately midway through the
mission and the other near the end of the mission. This will give the INS time to drift
between the initial alignment, the first fix and the second fix. The time between your
alignment and fixes should be recorded in order to qualitatively evaluate drift.

(@) Overfly Fix: Select an easily identified point target for this test.
Approaching the turnpoint (5-8 NM out), select Overfly with the FCNP function knob
and descend to a minimum of 500' AGL when the turnpoint is in sight. Prior to
overflying the point, evaluate what happens if the radar is in AIR mode versus any
other mode. C/Z prior to the fix to erase FCC NAYV slews and note the distance and
relative bearing between the INS (TD box) and the turnpoint. Designate over the
turnpoint and note the position error on the FCNP, then designate a second time to
accept the fix. After getting 2-3 NM spacing on the target, steer back to the
turnpoint and note the INS/FCC NAV position to verify that the avionics functioned
correctly. C/Z to ensure FCC slews were deleted when the fix was accepted. In report
writing use caution with your terminology, remembering that the TD box moves
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opposite the direction of INS drift (i.e. if the TD box is north of the turnpoint, the INS
has drifted south). Apparent TD box location is also a function of system altitude
inaccuracies in 6/12 positioning.

(4) Radar Fix: Identify the INS point on radar and slew the cursors over the
point. Select RDR with the FCNP function knob and complete the radar update at
approxiinately 4-5 NM. Verify the location of the TD box in the HUD and evaluate
the accuracy of your radar update.

e. Altitude Calibration (ACAL):

(1) System altitude is calculated by an algorithm in the FCC based on pilot,
CADC, and INS inputs. System altitude is very important for accurate blind bombing
and apparent 6/12 positioning of the TD box during navigation.

(2) An ACAL test card is provided in Appendix B. Note the difference between
barometric altitude and system altitude before starting the test by positioning the
FCNP data knob to POS and looking under E/A. For the ACAL, position the FCNP
function knob to ACAL and Mode Select. As you approach the destination, slew the
TD box over the destination, verify AGR accuracy and designate as the TD box
reaches the bottom of the HUD field of view. Verify that the avionics functioned
properly by completing the test card.

f. Cruise Modes:

(1) With the FCNP data knob, select the CRUISE position. The first
information is for Range Mode (See RNG MODE EVAL test card in Appendix B).
Mode select to put the max range speed cues in the HUD and stabilize on speed.
Evaluate the usefulness of the information and its presentation. Take data to validate
differences between FCC calculations inflight, flight manual performance data, and
truth data (actual test day FF, GS & Distance). When you have finished, data opt to
the HOM and EDR modes and complete an evaluation of each. In the HOM mode,
check a portion of the programmed climb and descent. Fuel and time will not permit
a complete HOM profile.

(2) Complete the CRUISE mode evaluations at a medium altitude. The auto
pilot may be useful for maintaining aircraft control.

g. Fuel Usage/Bingo Warnings:

Verify appropriate fuel flows for your configuration and the function and utility of the
bingo warning.

h. Autopilot Evaluation:
The Altitude Hold, Pitch and Roll Attitude Hold, and Heading Select functions should
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be investigated. Complete the autopilot evaluation at a medium altitude. The
autopilot may be used in the Altitude Hold and Heading Select functions to ease your
workload during the mission.

i. Ground Map Radar (GM):

(1) GM radar is required for accurate blind weapon deliveries and should be
one of the primary areas of interest for the BAI mission. Work to properly adjust the
display and radar gain before starting the formal evaluation. Qualitatively evaluate
radar resolution in each of the modes, as well as your ability to accurately slew and
refine the cursors. Evaluate all HOTAS features, symbology and switchology.
Specific areas to evaluate include:

(a) GM PPI presentation

(b) Expand (EXP)

(¢) Doppler Beam Sharpening (DBS)

(d) Freeze (FRZ)

(e) Offset Aim Points (OAP)

@ HOTAS (Gain, Cursor Control, Range Scale, Elevation)

(2) Evaluate the GM radar against a variety of targets, including large cultural
returns and manmade targets of various sizes. In each mode (GM, EXP & DBS)
refine as you get closer to the target, determine the earliest identification range, and
evaluate the best inflight resolution (10 NM scale). Consider what type of ordnance
you could effectively deliver in a blind mode based on the radar resolution (conven-
tional, area (CBU) or nuclear). Ensure the radar elevation thumbwheel on the
throttle is in the detent position if you want the radar elevation looking at the
selected destination. Verify the position of the FCC NAV solution after slewing by
crosschecking the radar picture with the position of the TD box on the ground.

(3) FRZ the radar at a range of approximately 10 NM and evaluate the ability
to slew the cursors and the indications of present position on the radar scope.

j. Air-to-Air Radar:

(1) While air-to-air is not a primary objective of this evaluation, look at the
radars ability to detect and allow yoﬁ to offensively engage threats enroute to your
target area. Specific areas to evaluate include:

(a) NAM
(b) ACM (20X20, 10X60, Boresight, Slewable)

(2) Evaluate radar/HUD symbology and switchology. Many other air-to-air
radar controls may be evaluated as time permits (i.e. High/Low Notch, Expand, Air
vs GM time sharing, etc). If the mission is flown as a two ship, the IP may be used
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as a target.

10. Leg 5 (Dam to IP Dry lake, 1000 ft AGL).

Complete navigation and timing tasks as required. Adjust the radar picture as
required and identify the IP. Slew as necessary. Select the air-to-ground mode on the
SMS and verify the low-drag MK-84 weapon and LOFT with a 30 degree Planned
Release Angle (PRA) are displayed. Evaluate the HUD attack symbology and identify
the distance and time-to-go displays. Follow the HUD steering to overflight.

11. Leg 6 (IP Dry Lake to Target - Radar reflective metal frame on west side of lake).

a. The following air-to-ground delivery evaluations are integrated systems tests
which réquire the proper operation of multiple sensors integrated through the FCC.
The processed information must then be effectively displayed to the aircrew. Refer
to the "F-16 Weapons Fam FTT" for delivery procedures and techniques. To the
maximum extent possible, you should verify proper operation of each sensor and that
the integrated delivery mode functions IAW T.O. 1F-16A-34-1-1. Fly preci'sé
parameters to allow a rough quantitative evaluation of delivery accuracy. For
example, in CCIP you should verify that the radar is in AGR and compare the position
of the CCIP pipper with the standby reticle at release. HUD video review will be
essential to check parameters and data that you may miss inflight.

DELIVERY PARAMETERS (MSL: DEST #6, TGT ELV 1200
RELEASE AIRSPEED: 450 KIAS

BASE - 350 KIAS ALT MIN
(7 SEC FINAL) LOsS ALT
ALT DIST “G)
30° CCIP 10.0 130 47 1330’ 27 137 1400'
4?
DTOS  (10-20°) 7.0 150 9000' 700 22 N/A N/A
SLANT | @20°
RANGE
30° LOFT 1000' AGL (2.2 MSL) 3024 N/A MRA N/A N/A
@ 450 KIAS 1000'

b. 30° LOFT DELIVERY, MK-84: Descend to 2200 ft MSL and accelerate to 450
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. KIAS. Refine your radar picture and follow the steering presented in the HUD.
Evaluate all symbology and switchology associated with this attack. After release,
commence a 135° pitchback recovery to downwind. The recovery can be terminated
to continue on downwind and attain the parameters for the 30° dive bomb pattern.

c. CONTINUOUSLY COMPUTED IMPACT POINT (CCIP) 30° DELIVERY, MK-
84: See CCIP A-G Weapons Eval test card in Appendix B. Leave the SMS in Loft
mode and look at the target position information in the HUD. As you roll in on final
in 30° of dive, select the CCIP mode of delivery using the (HOTAS) NWS button on
the stick. Evaluate all symbology and switchology associated with this attack.

NOTE: ATTACK HEADING SHALL BE BASICALLY NORTH-SOUTH AVOIDING
A WESTERLY HEADING TOWARD THE RIDGE LINE DURING OR AFTER
ATTACKS. DO NOT ATTEMPT TO FLY THE PATTERN TOO TIGHT. ALLOW
TIME ON FINAL TO LOOK AT THE SYMBOLOGY. IN CCIP MODE, THE
BOMB/PICKLE BUTTON IS "HOT".

d. DIVE TOSS (DTOS) 10-20° DELIVERY, MK-84: Setup again on downwind and
select DTOS on the SMS. Note the position of the TD box superimposed on the FPM
and fly a normal box pattern. Plan the delivery to commence a smooth pull up

‘ achieving a computed release at approximately 9000' slant range (Note: It is necessary
to hold the weapon release button during the pull). Recover, climb up for a repeat of
this pattern without exiting A-G mode or resetting the TD box. As you roll-in on the
re-attack, evaluate the TD box location and the re-attack cues in the HUD. Analyze
why it has moved from the target if it does not overlay the target (Recommend using
a point target to help accurately assess TD box drift). Update the TD box and perform
the delivery as before. Recover to level flight and continue to the next destination.

12. Leg 7 (TGT to Road Intersection, 1000 ft AGL Minimum).

Complete the navigation tasks. Select Gun with Strafe selected on the SMS.
Evaluate the symbology and perform several simulated attacks at 10° dive angle
along the road which parallels your course. Minimum altitude is 500 ft AGL. You
may not get an in-range cue.

13. Leg 8 - 10 Integrated Systems Evaluation (ISE)
a. Destinations 7-9 will be used for a short ISE of the air-to-ground capabilities
of the F-16 using the VIP mode for weapon delivery. During this portion of the route

you should fly the aircraft as it is intended to be flown operationally with an objective
‘ of getting bombs on target on time! From an avionics point of view, this will be the

O
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most demanding part of the mission. Multiple systems will be working in real time
which may force higher throughput and memory loads on the systems than on
previous tests. Evaluate the sensors and integrated systems performance under the
high ISE workload, look for design problems that could decrease combat capability,
and stress human factor considerations. As a minimum the following areas should
be evaluated:
" (1) Navigation Cues

(2) Timing Cues (Time on Target * 30 seconds)

(3) Aids to Situational Awareness

(4) Self Protection (Display of Air and Ground Threats)

(5) VIP Delivery (Symbology, Switchology & Accuracy)

b. Before starting the ISE portion of the mission from DEST 7, ensure your
navigation solution and system altitude are accurate. Setup the A-G mode to delivery
a high drag B49 in VIP, then return to the mode you wish to use for navigation to the
target area. Put your route start time, 00:00, in the TOT clock and enter as you
overfly DEST 7 at 420 KGS headed toward DEST 8. Mode select to get HUD timing
cues. Along the route you may want to use NAM programmed under MSL OVRD to
allow HOTAS control of your radar mode.

14. Leg 9 (Dry Lake to VIP, 1000 ft AGL Minimum).
Complete the navigation tasks. Select A-G on the SMS and verify B49 and VIP.

Attempt to identify the IP (factory complex) with the radar. If you can't identify the
factory don't slew the cursors. As the factory is identified visually, overfly the factory
and designate at overflight (avoid Trona and Trona Airport JAW AFFTCR 55-2).
Follow the steering and evaluate the symbology and the accuracy of the mode. After
the target is identified, switch to CCIP via the NWS button and drop a level high drag
bomb between 500 and 1000' AGL. The target is a road/railroad intersection.

15. Leg 10 (VIP tgt to MARK B, 15.000 ft MSL).

Start a right turn to avoid restricted airspace and begin a climb to 10,000 ft MSL. Set
MKB as the destination and complete navigation tasks. Continue to follow the
steering towards MKB and evaluate the usefulness of this function. Identify the Mark
point in the TD box. Complete other avionics tests enroute if desired.

16. In-flicht Reconnaissance.
Enroute to MKB, the IP will give a set of coordinates to the student. The student

~
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will:

a. Evaluate ease of destination entry inflight.

b. Fly to these coordinates.

c. Identify the area and/or any man-made structures.

d. Evaluate the procedure for determining the RECCE point elevation.

e. Debrief the IP on the location, elevation, prominent land-marks/structures,
etc.

17. Approaches to Edwards.
After completing the visual identification of the reconnaissance target, proceed to base

using the MKA destination, and perform the following approaches (time and fuel
permitting):

a. ILS using HUD presentation and cross checking ADI steering bars. Ensure
that the localizer course is set in the FCNP and mode selected. Evaluate the ILS
command steering in the HUD.

b. SFO

¢. Normal pattern/full stop landing.

The purpose of these approaches is to evaluate how the various systems aid in their
accomplishment. They may be flown in any order.

18. Post Flight.
Accomplish post flight checks in chocks prior to shutdown.

a. Recall all MFL's. Evaluate usefulness of this function.

b. Record INS data: coordinates, system elevation, groundspeed, DATA 128, 134,
135, 1560, 151, 1562. Using the deltas from the updates compare how this data
supports or not what appeared to happen in-flight.

¢. Download DTC data
19. Debrief.

a. Pilot will debrief the IP on his first impressions of the systems evaluation to
include all functions, symbology, switchology, etc.

b. If the mission is flown in an A-model, the IP will review the students video
immediately after the mission to evaluate data gathering procedures.’

c. IP will debrief student on his mission accomplishment after all evaluations
have been flown and reports turned in.
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INSTRUMENTATION:
Tape recorder, appropriate video tape, prepared data cards

REPORT: (IAW "TPS Reports Requirements," Test Management Phase Planning
Guide). :

An Individual Daily Written report should be written within 24 hours of the flight,
but may be attached to the report due to the IP five working days after the flight.

GRADING: _
The student will receive a numerical grade based on the following areas:
1. Mission Preparation  (30%)

a. Systems Knowledge

b. Data Cards

c. General & Specific Mission Briefing

d. Specific Mission Briefing

2. Preflight Ops, Avionics Setup, Ground Test Points  (4%)

3. Functional Evaluations & Navigation Tests  (8%)
Navigation Cues / Timing / Mark

Over Fly Update

Radar Update

ACAL Update

GM Radar

Cruise Modes Eval

Auto Pilot Eval

. RALT Eval

Fomo o ae o

4. Integrated Systems Tests (8%)
a. AGR Ranging
b. LOFT 30° Attack
c. CCIP Attack
d. DTOS Attack / Reattack
f. Inflight Reconnaissance

5. Integrated Systems Eval (5%)
6. ILSEval (2%)
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7. SFO Pattern, Normal Pattern, and Landing (P/F)
8. Inflight Data Procedures (8%)
9. Debriefings and Evaluation  (40%)
a. Data (A's, Dive Angles, Airspeeds)
Eval of HUD (Navigation, Weapons Delivery, ILS, Other)
Eval of INS/FCNF/SMS
. Eval of Radar Altimeter
Eval of Radar
Eval of Cockpit Layout
Eval of Cursor Controller
. Eval of Update Functions .
Eval of Autopilot
j. Integrated Systems Eval

Fm oo oo o

=0
.
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SYSTEMS EVALUATION
(FTN GRADED; FTE NON-GRADED MISSION)

REFERENCES:

Appropriate Flight Manual.

"Integrated Systems Evaluations," Systems Phase Planning Guide.

"F-16 Systems Evaluation," Systems Phase Planning Guide.

"F'-16 Weapons Delivery Familiarization," Systems Phase Planning Guide.
F-16 Systems Sample Evaluation Mission Cards (Appendix B).

T.O. 1F-16A-34-1-1, F-16 A/B Nonnuclear Weapons Delivery Manual.
F-16 Air-to-Ground Systems Ground School.

N ok =

PURPOSE:

To allow the student an opportunity to design and execute an evaluation of the
avionics systems on the F-16B, or other aircraft (as available). Evaluate the systems
for suitability in the all-weather, ground attack role as the primary mission, with a
secondary role of self-defense in the air-to-air arena.

ATRCRAFT:
Any F-16B with a captive AIM-9, or other aircraft as selected by Chief, Systems
Phase. One T-38 for an air-to-air target.

GENERAL:

The primary objective of this mission is to evaluate the total avionics suite of the
aircraft. Primary emphasis should be placed on the weapons delivery systems, but
all comm/nav systems should be investigated. Items that should be considered in the
evaluation are INS performance/updates, the resolution of the air-to-air and air-to-
ground fire control radar, systems integration, and HOTAS suitability for the air
intercept and air-to-ground weapons delivery missions. A brief Integrated Systems
Evaluation (ISE) should be planned for both the air-to-air and air-to-ground mission
(See reference 3). These suggested areas are not all inclusive but are items that
might be evaluated during this mission.

LIMITATIONS:
Adhere to the limitations specified in the "Integrated Systems Evaluations" mission
outline in the Systems Phase Planning Guide.
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MISSION EVENTS: (Gradesheet, pg A.11 & 12)

1. Mission Preparation.
Prepare a mission profile using the framework outlined in the "Integrated Systems

Evaluations" mission. Concentrate on the major weapon systems used for the
primary mission of all-weather, ground attack, but include tests of the secondary
mission systems as well.

2. Cockpit Evaluation.
Evaluate the cockpit layout, system turn-on, and BIT checks prior to flight. This can
be done either just prior to the evaluation flight or during a separate session the day

prior. Look at both cockpits.

3. Briefing.
The student will conduct the entire mission briefing except for required safety of flight

" jtems which will be briefed by the instructor.

4. In-flight.
The specific flight profile is left as a planning exercise for the student. Use the Cords
Road area for doing air-to-air evaluations with the T-38 target and the Blue Low

Level route for air-to-ground systems evaluation.

5. Debriefing.
Conduct a thorough, organized debriefing of all the systems that were evaluated. Use

the on-board video tape to review comments and show system operation.

1

INSTRUMENTATION:
Tape recorder and on-board video tape recorder.

GRADING:
The FTN student will receive a numerical grade based on the following areas:
1. Mission Preparation (80%)
a. Organization of profile
b. Data cards
c. Briefing
d. Knowledge of Systems Flight Test Techniques

2. Mission Conduct (30%)
a. Thoroughness of cockpit eval
b. Control of mission events
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(1) Directive

(2) Prioritized

(3) Efficient

(4) Knowledge of test procedures

3. Mission Debriefing and Evaluation

a.

b.
c.
d.

Cockpit layout/HOTAS
Navigation systems
Communication systems

Fire control systems

(1) Radar

(2) HUD

(3) Armament control
(4) Systems integration

(40%)
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F-15 CAPTIVE COMPATIBILITY DEMO/ASYMMETRIC
STORES (PILOTS/FTNS)

REFERENCES:

1. F-15A/B/C/D Flight Manual.

2. MIL-F-1797A, Flying Qualities of Pilot Aircraft.

3. MIL-HDBK-244, Guide to Aircraf{/Stores Compatibility.

4. MIL-STD-1763, Aircraft/Stores Certification Procedures.

5. AFR 80-54, Aircraft/Stores Certification Program (Seek Eagle).

6. Systems Test Theory and Flight Test Techniques, Chapter 8, "Stores Certification."
7. Flight Clearance (FC) 92-052-A1: 610 Gallon Fuel Tank in an Asymmetric
Configuration on AFMC F-15A/B/C/D Aircraft (Atch 1).

PURPOSE:
1. To demonstrate the proper conduct of a captive compatibility flight profile (CFP)
sortie.

2. To demonstrate the degradation in flying qualities with an asymmetric store.
3. To compare the asymmetric load flying qualities with the basic F-15 aircraft.

ATRCRAFT:
F-15B/D, with a full 610 gallon tank on station 2 or 8.

GENERAL:

This sortie follows a typical envelope expansion profile (as described in MIL-HDBK-
244A and MIL-STD-1763A) for certification of a new stores configuration. The test
starts at a "heart-of-the-envelope" condition and expands out from there, accomplish-
ing all checks required by Part I/First Sortie (structural integrity and handling).
Inclusive in the sortie profile is the Part II/Second Sortie (vibration and endurance)
requirement, which accomplishes a speed soak on the store. The sortie is extremely
fuel critical, so a timely accomplishment of the test points is required to complete the
entire profile.

When called for, the full data set under MIL-STD-1763A TEST 251 normally includes:

Steady Heading Sideslip  To full deflection, both left and right direction,
CAS on and off. No steady heading sideslips in
PA configuration.
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Rolls Both directions (away from store first), 1g load,
build-up approach (for expediency, TPS sortie will
only use 1/4 and 1/2 deflection from trim inputs)
not to exceed maximum roll rate (120°/sec), both
CAS on and off.

Dynamics Evaluate short period pitch oscillations and Dutch
roll with both CAS on and off. :

Maneuvering Flight Wind-up turn in direction opposite of store, up to
dictated symmetrical load limit.

Structural integrity (MIL-STD-1763A TEST 252) evaluations will be accomplished as
requested with the CAS on. Roll inputs should be to 1/2 deflection from trim to
achieve maximum roll rate. Evaluation consists of a positive load factor symmetric
pull, followed by a loaded roll. The aircraft is then unloaded symmetrically, followed
by a unloaded unsymmetric roll. Roll limits are as noted in Table 3-1. Load levels
requested at the data point are normally noted as a percentage of the test limits, and
are computed using a baseline of +1.0 g (80% values are calculated using the

difference between the maximum value and 1.0).

Table 3-1. TPS Test Limitations

PARAMETER CRUISE POWER APPROACH
(CR) (PA)

Maximum Acceleration (g)
--Symmetric +4/-0.5 Flight Manual
--Unsymmetric +2.5/+0.5 Flight Manual
Angle of Attack (AOA) 25 Units 25 Units
Airspeed 600 KCAS Flight Manual
Mach 1.4M Flight Manual
Roll Rate (p) 120%/SEC 120%SEC
Roll (¢ Change During Rolls) 180° 90°
Control Augmentation System On > 500 KCAS Not Applicable
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Data band limits are + 2,000 ft, £ 10 KCAS, + 0.05M.

LIMITATIONS:
1. Jettison procedures, asymmetric flying qualities, external tank failure to feed and
sortie limitations will be briefed in detail.

2. Crosswind limits for takeoff and landing will be 10 kts from the side opposite the
store and 15 kts from the side with the store.

3. The normal takeoff trim setting will be used.

4. All points will be performed at or above 10,000 ft AGL when above 21 units AOA
with the exception of the takeoff and landing evaluation.

5. Any emergency aggravated by an asymmetric load condition will require
immediate feeding of external fuel or jettison of the tank prior to landing.

6. The external tank must be entirely full prior to engine start to prevent fuel
sloshing during flight. The external tank fuel reading should be 3,950 = 250 Ibs for
JP-4 (4,090 £ 250 lbs for JP-8).

7. The tank and pylon will be specifically checked to ensure ejection cartridges are
installed. '

8. The aircraft must have an operative AOA gauge and g-meter in the rear cockpit.

9. Maneuver abort criteria and procedures will be briefed, and will consist of the
following:

10. Flight manual restrictions for carriage and jettison of the store will be observed.
As this is not an authorized operational configuration for the F-15, a copy of the AFSC
Form 4839 is attached (Fig. 3.21) showing aircraft carriage and jettison limitations.
Reference the "AEOL and Waiver" book in operations for the Flight Clearance. The
TPS test limitations for this sortie are as shown in Table 3-2. For instances where
TPS has added no further restriction, flight clearance or flight manual limitations,
whichever are most restrictive, will be used.
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Table 3-2. Maneuver Abort Criteria and Procedures
MANEUVER ABORT CRITERIA ABORT PROCEDURE

Steady Head-
ing Sideslip

- Any unpredicted decrease or rever-
sal of aileron deflection (stick
force) with increased rudder appli-
cation.

- Any decrease or reversal of rudder
pedal force with rudder deflection.

- Any uncommanded increase in P.

- Reengage CAS.

- Smoothly return control surfaces
to neutral.

- Apply opposite rudder (if re-
quired).

Short Period | - Oscillations increase in amplitude. | - Reengage CAS.
- Quickly dampen with appropriate
pilot input.
Dutch Roll - Oscillations increase 1in amplitude. | - Reengage CAS.
" | - Quickly dampen with appropriate
pilot input.
Rolls - Excessive adverse/proverse yaw. - Terminate roll and decrease AOA.
- Excessive slow/unpredicted roll - If airspeed is:
rate. -- Slow - increase airspeed
-- Fast - decrease airspeed
Man. Flight | - Unpredicted stick force or reversal. | - Quickly neutralize or decrease g

with pilot input.

Struc. Integri-
ty

- Unpredicted store vibration

- Any compromise of store integrity

- Excessive slow/unpredicted roll
rate.

- Excessive pitch sensitivity.

- Reestablish 1.0g

- If airspeed 1is:
-- Slow - increase airspeed
-- Fast - decrease airspeed

- Dampen oscillations with appropri-
ate pilot input

Stall Investi-

- Classic indications of

- Decrease AOA and increase air-

gation stall/approach to stall limit AOA or | speed
airspeed
Speed Soak | - Unusual noise or vibrations - Decrease airspeed and increase

- Any compromise of store integrity

altitude.
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MISSION EVENTS: (Gradesheet, pg A.13)
1. Mission Preparation.

The pilot is responsible for the planning and flying of an efficient mission profile with
special emphasis on moving efficiently from point to point and observing the
appropriate mission limitations. The pilot should have thoroughly developed and
studied the data cards for the mission including specific limitations for each event.

2. Briefing.
The student will brief the entire mission to include test techniques, mission

limitations and F-15 asymmetric store flight characteristics.

3. Preflight/Ground Ops.
Check the AFTO Form 781 for proper fueling (approximately 15,200 lIbs). Ensure the

tank and pylon jettison cartridges are installed. Perform a flying qualities ground
block and mark stick positions for in-flight reference. 3/4 stick deflection from ground
neutral will be used in data point #2; however stick deflections during rolls will be 1/4
and 1/2 displacement from airborne neutral, and need not be marked on the ground.
Run aileron trim full deflection left and right and note stick position and aileron
deflections. Review the tank jettison procedures prior to takeoff. Note that there are
no jettison controls available to the IP in the rear cockpit.

Properly set up the Armament Control Panel for the sortie. This includes selecting
"FUEL" for the appropriate station and placing the selective jettison controls to
"STA/JETT-R" or "STA/JETT-L" on A/G SELECT knob and "R/MSL-AFT" on the
SELECT JETT knob. (With the jettison knobs set up in this manner, an inadvertent
push of the JETT button will not jettison the store. To selectively jettison the fuel
tank, the SELECT JETT knob must be rotated one position clockwise to "STORES"
before pushing the JETT button.) In addition, the WING TANK switch on the fuel
control panel must be placed to "STOP TRANSFER" to ensure the tank will not feed.
Finally, set the bingo bug to 3,500 lbs. This will provide sufficient fuel to accomplish
the first touch and go and land should the tank fail to transfer. Realize the total fuel
amount will be approximately 7,500 Ibs (3,950 Ibs unused in the wing tank).

4. Taxi.

Note the effects of an asymmetric load on the taxi characteristics and qualitatively
evaluate controllability. Items to note include ease of tracking the centerline and
acceleration/deceleration effects.
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5. Takeoff.
Perform a military power takeoff in accordance with the flight manual recommended
procedure. Note handling qualities effects on the initial portion of the roll, during

liftoff, and climbout.

6. Envelope Expansion.
Data will be acquired at selected test points using the flight test techniques defined

in MIL-HDBK-244, paragraph 6.2.1.7.6. These points have been selected to provide
maximum exposure to the CFP profile with the limited fuel available. Between
points, note the speed stability during the acceleration to the next point. The trim
should not be changed during this evaluation, although the "series trim" feature of the
Pitch Trim Controller and Pitch Ratio Changer (essentially an auto trim feature) will
obviously mask some of the effects of acceleration/decelerations and configuration

changes.

a. Data Point #1 - 15,000 ft MSL, 350 KCAS. This is the "heart-of-the-envelope"
starting point. Perform a full data set analysis of flying qualities of the aircraft/store
combination (both CAS on and CAS off). Perform a structural integrity demonstration
to 80 percent of the test limits. Complete the test point with a throttle chop.

b. Data Point #2 - 20,000 ft MSL, Airspeed as Required. This is the investigation
of high angle of attack characteristics in the CR configuration. Trim the aircraft at
the speed corresponding to full lateral trim opposite the store (cease trimming when
reaching 21 units AOA). Increase the AOA in one unit increments until 25 units AOA
or 3/4 lateral stick travel from ground neutral aileron deflection is reached. Use
rudder to maintain the ball centered and the wings level throughout the maneuver.
Note the sideslip angle as the AOA is changed. Specific items to note are buffet and
flying qualities. Perform only with CAS on.

c. Data Point #3 - 20,000 ft MSL, Airspeed as Required. This is the investigation
of the PA configuration. The test series demonstrates the nature of the asymmetric
stores landing problem and the potential effects of sideslip on approach speed and
controllability.

(1) Establish the PA configuration, noting trim changes required for each
surface. Perform a trim shot at full lateral trim (cease trimming when reaching 21
units AOA). If the external tank does not have a full fuel load, AOA is limited to 18
units AOA. Note the airspeed and fuel weight.

(2) Slow the aircraft to establish 21 units AOA. Note the airspeed for use in



SYSTEMS PHASE PLANNING GUIDE 3.137

the touch and go evaluation. Perform a data set to include short period, Dutch rolls
and rolls. No steady heading sideslips in PA configuration. These points should be
accomplished both CAS on and CAS off.

(3) Slow the aircraft to establish 25 units AOA with the CAS on. Make gentle
(20°-30° ¢) turns. Note the cross-coupling that occurs during turns.

(4) (Optional) Establish a 21 unit AOA simulated approach with approximate-
ly 700-800 ft/min descent rate. Pull the heavy side engine to idle, and perform a go-
around with the light side engine in afterburner and note the handling characteristics.
Ensure the aircraft is below 20,000 ft MSL to avoid Region II afterburner operation.

d. Data Point #4 - 30,000 ft, 0.OM. Perform a trim shot and accomplish a full data
set analysis of flying qualities and structural integrity at 100 percent of the test
limits. Complete the test point with a throttle chop. Perform the flying qualities
analysis with CAS on.

e. Data Point #5 - 520 KCAS and 1.3M (Altitude will be approximately 30,000 ft
MSL). This is the end point for the test. The objective is to hit the KCAS and Mach
simultaneously. Open the air refueling door prior to this test point to prevent the
wing tank from feeding. Perform a trim shot and accomplish a full data set and
structural integrity demonstration to 100 percent of the test limits. At the completion
of this point, accomplish a throttle chop and trim change with speed brake evaluation.

Perform the flying qualities analysis with CAS on. Close the air refueling door prior
to descending.

CAUTION

Descending with the air refueling door open could collapse
the wing tank.

7. Straight In Touch and Go.
Using the computed approach speed for 21 units AOA, perform a touch and go at

Edwards AFB. (Straight in will be flown at 18 units if tank is partially full.) If
possible, the crab method should be evaluated up to the limit crosswind values of 10
kts from the light wing and 15 kts from the heavy wing. Observe handling
characteristics and flight control inputs required (Review tech order procedures for
expected handling qualities with asymmetries during approach, landing, and rollout).
These observations will be compared to landings once the tank has emptied.

CAUTION
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During the flare to landing. Experience has shown that the B increases
2° for each 1° of AOA increase. Consequently, rapid AOA increases
above 21 units can result in a large yaw rate development just prior to

touchdown.

Coordinate rudder during landihg to hold sideslip to a minimum.

8. Speed Soak. (500 ft AGL min, lesser of 550 KCAS or 0.9M).
This speed soak simulates the second sortie specified by MIL-HDBK-244 and MIL-

STD-1763. Duration is limited in this sortie by fuel state.

9. Drag Characteristics Investigation Subsonic.

After the fuel tank is completely empty return to envelope expansion point #1, 350
KCAS/15,000 MSL (100 percent of test limits) and repeat maneuvers as desired to
examine tank empty flight characteristics.

10. Drag Characteristics Investigation Transonic.
Perform a level acceleration at 20,000 ft. MSL. from 0.9 Mach to 1.05 Mach to examine
asymmetric drag effects without any fuel in the tank to examine the flight characteris-

tics.

11. Straight-In Full Stop.
Fly a straight-in approach observing handling characteristics and flight control input

changes from an asymmetrically loaded jet.

12. Debrief.
The student should be prepared to debrief the FTT's flown with respect to desired
tolerances, as well as observations of the flying qualities and cross-coupling effects.

INSTRUMENTATION/DATA REDUCTION:
VTR, tape recorder, stopwatch, etc., as desired.

REPORT: (IAW "TPS Reports Requirements," Test Management Phase Planning
Guide).
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F-16 LIMIT CYCLE OSCILLATION FTT
(PILOTS FLY, FTE/N TM ROOM)

REFERENCE:
AFFTC-TIH-90-001, Structures Flight Test Handbook, Capt William J. Norton,
November 1990.

PURPOSE:

To demonstrate and practice FTTs used in flutter/limit cycle oscillation (.CO) testing.
The student test pilot will practice the FTTs with a qualified Instructor Pilot in the
aircraft and a student FTE/N controlling the flight by monitoring critical parameters
via telemetry.

LIMIT CYCLE OSCILLATION:

1. Definition.

The LCO is a self-sustained airframe structural response characterized by a constant
- amplitude sinusoidal motion. The LCO is a result of the interaction of the aeroelastic
properties of the airframe and the aerodynamic effects of the flight conditions. This
phenomenon differs from classical flutter in that LCO typically is non-divergent and
non-catastrophic.

2. Measurement.

Maximum allowable LCO amplitude is expressed in terms of the sustained wingtip
peak acceleration in G's and the associated oscillation frequency in hertz. These
limits are established in the Uniform Abort Policy for the F-16 Limit Cycle Flutter
Flight Testing and are uniquely defined for the F-16.

3. LCO Modes.

Two different modes of LCO can be expected: symmetric and antisymmetric. Both
modes involve a coupling of the wing torsion and bending modes. The most common
LCO mode is antisymmetric and is characterized by a lateral acceleration felt in the
cockpit. The symmetric mode is characterized by a pitch acceleration.

GENERAL:

1. The aircraft will be loaded with external stores: 2 AIM-9s with instrumented
165210 launchers on stations 1 and 9, 2 partially filled (1,500 lbs in fore and aft tank
sections) and blocked 370 gallon wing tanks on stations 4 and 6, 1 full 300 gallon




3142 SYSTEMS PHASE PLANNING GUIDE

centerline tank on station 5, and 4 CBU-87s slant loaded on TERSs on stations 3 and
7. The configuration has known repeatable LCO characteristics. Instrumentation for
the mission consists of the normal TPS F-16 DAS parameters and wingtip accelera-
tions. The accelerometers are mounted in the 165210 AIM-9 launcher rails and
provide z-axis accelerations of the forward and aft sections of each wingtip.

2. The mission will be conducted as if it were an initial captive stores certification
flight. Assume that this aircraft with this stores configuration has never been tested
for flutter and that this is an envelope expansion test.

3. The student pilot will proceed through the test cards as directed by the FTE/N.
The FTE/N will clear the pilot through a build-up until LCO limits are achieved or
store limits are reached. Maneuvers may be demonstrated at the IP's discretion.

4. The takeoff weight is close to maximum allowable takeoff weight. Carefully check
the weight and balance and calculate the takeoff data. During any emergency,
consider jettisoning stores.

LIMITATIONS:
1. Aircraft and weapons load flight manual restrictions and limits will apply to all

phases of flight.

2. Test limits for this mission are:
a. Maximum sustained wingtip oscillation value of 80% for an associated oscillation
frequency as defined in the Uniform Abort Policy for F-16 LCF Flight Testing is

attained.

b. Minimum altitude for testing will be 8,000 ft MSL or 5,000 ft AGL, whichever
is higher.

c. Any situation in which aircrew comfort level is exceeded from longitudinal or
lateral oscillations which impair the ability to read displays, actuate switches, or
precisely maneuver the aircraft.

d. Until cleared by TM, load factor and airspeed test limits are:
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. 0to +2.0 G

Below 15,000 ft MSL: 300 KCAS /0.5 Mach
At or above 15,000 ft MSL: 300 KCAS /0.6 Mach

3. Follow the munitions procedures in AFFTCR 55-2, Vol 1, Attch 4. Do not overfly
populated areas. Do not fly overhead patterns.

4. Instrumentation Go/No Go: Operating telemetry with minimal data drop outs is
required for this mission. Operational data parameters required in the control room
for this mission are: at least three of the four wingtip accelerations, normal accelera-
tion (at the CG), Mach, and altitude. Operational UHF radio communications with
the control room is required. »

5. An IFTE who has been checked out on LCO telemetry will assist the student
FTE/N in the control room.

6. A safety chase aircraft is optional. The safety chase will provide "clean and dry"
‘ calls prior to and after each LLCO flight regime.

MISSION EVENTS: (Gradesheet, pg A.14 & A.15)
1. Mission Preparation.

a. The test points included in the mission profile were planned to provide a build-
up to fly in LCO conditions. The build-up approach for LCO/flutter testing consists
of a slow increase in Mach and movement from low dynamic pressure to high dynamic
pressure (start at high altitude). Data and mission cards will be prepared by the
FTE/N with assistance of the student pilot.

b. Knowledge of all test limits and aircraft limits is essential. All personnel
involved with the mission will be knowledgeable of recovery procedures in case of
flutter. The procedure for terminating a test point due to limit LCO or diverging
oscillations is:

(1) Reduce airspeed by first retarding the throttle.
(2) Unload the aircraft if in an elevated -g maneuver.
(8) If necessary, activate speed brakes.

c. The FTE/N should review the control room strip chart and display set-up prior
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to the mission. Any changes the FTE/N desires to make to the set-up must be
requested of test support personnel no later than 24 hours prior to the mission.

2. Briefing.

' The student test team will brief the mission. The pilot will give the general briefing,
which will include recovery techniques. The FTE/N will brief the specific mission,
concentrating on communication, clearance to next points, build-up approach, and
data gathering techniques. Specifically, the test team will brief terminology for
holding current flight conditions, terminating because the point is satisfactorily
completed, aborting because a limit is about to be or has been exceeded or other safety
related problems, and proceed to the next point.

3. Ground Ops.
a. During preflight, pay special attention to security of panels, fasteners, leaks,

stress points, and weapons load.

b. Make survival seat straps and lap belts as tight as possible. Police the cockpit
for loose items and foreign objects.

c. The engineer will conduct a ground check of the TM and calibration of the
instrumentation. This should include control sweeps as in the flying qualities ground
block.

4. Takeoff/Climb.

a. If chase is provided, perform an airborne pick-up.
b. During takeoff, use afterburner to 300 KCAS.

¢. During climbout, perform a calibration check of instrumentation with TM. This
check should include a +2 G and zero G normal acceleration check in the pitch axis.

d. Test points should be accomplished within a 40 NM radius of the base to insure
adequate TM reception.

e. Set altimeters to 29.92 inches of Hg.

5. LCO Testing (CBU-87 Load).
a. Trim at 20,000 ft PA and 0.6 Mach and advise when stabilized. Wait for
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clearance from the control room before performing any maneuver.

(1) Slowly accelerate (0.01 Mach per 2 seconds) until 0.05 Mach faster. The
acceleration will be performed in straight and level flight when possible, but can be
accomplished while in a dive, if necessary. The pilot will call out Mach number at
0.01 increments.

(2) Stabilize at 1 G flight and maintain altitude and new Mach number; inform
the control room when stabilized. The FTE/N will examine any LCO indications
based on analysis of any LCO frequency and amplitude.

(3) When directed, the pilot will perform a roll pulse (stick rap) to determine
aircraft response to abrupt pilot-induced control surface inputs. This simulates a
flutter panel input.

(4) When cleared by the FTE/N, perform an incremental G wind-up turn at
0.25 G/sec stabilizing at 1 G increments. The pilot can adjust power as required to
maintain Mach number within + 0.02 Mach and altitude within + 1000 ft. The
normal acceleration tolerance is + 0.2 G for Nz. Terminate the maneuver if target
conditions can not be attained due to aircraft performance limitations or aircraft
carriage limits are reached. Watch rolling G limits during recovery.

(5) Make qualitative comments throughout each maneuver commenting on
aircraft handling, response, and potential operational concerns.

(6) Repeat steps (1) through (6) until limit LCO or other test limits are

reached.

b. Safety chase will concentrate on clearing the test aircraft's flightpath and
provide a checkover of the test aircraft after limit LCO or test limits are reached.

c. Repeat the procedures at 10,000 ft PA starting at 0.5 Mach. During the descent
from 20,000 ft PA closely watch test limits.

6. Traffic Pattern and Landing.
A straight-in approach and landing will be flown.

7. Debriefing.
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a. The FTE/N will debrief the mission using the strip chart data. Areas of concen-
tration will be data quality, problem areas, and general mission conduct.

b. The student pilot will provide qualitative comments, discuss maneuver quality,
and comment on mission conduct.

c. The instructors will debrief the test team on their planning and conduct of the
mission and the quality of the data.

d. Any limits exceeded will be discussed.

INSTRUMENTATION:
Required aircraft parameters as well as instrumented wingtip launcher accelerometer
readings.

HUD videotape desirable.

DATA REDUCTION/REQUIRED PLOTS:
None.

REPORT:

None.
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F-16 STRUCTURAL LOADS FTT
(PILOTS FLY, FTE/N TM ROOM)

REFERENCES:

Primary:

1. MIL-A-8871A, Airplane Strength and Rigidity, Flight and Ground Ops Tests.
2. MIL-A-8860A, Airplane Strength and Rigidity, General Spec For.

3. T.0.1F-16A-1 Flight Manual, Section V, T.O. 1F-16A-1-3, 1F-16-1-4.

Secondary:

4. MIL-A-8861B, Airplane Strength and Rigidity, Flight Loads.

5. MIL-A-8862, Airplane Strength and Rigidity, Landing and Ground Handling
Loads.

6. MIL-A-8865, Airplane Strength and Rigidity, Miscellaneous Loads.

7. MIL-A-8867, Airplane Strength and Rigidity, Ground Tests.

8. MIL-A-8868, Airplane Strength and Rigidity, Data and Reports.

PURPOSE:

To demonstrate the FTTs for testing aircraft to structural load limits. The student
test pilot will practice the FTT's with a student FTE controlling the flight by
monitoring simulated critical parameters via telemetry.

GENERAL.:

1. This mission is designed to introduce the student test pilot to the required test
techniques for testing to the structural load limits of an aircraft. The student FTE
will practice controlling the flights progression through designated test points. He
will monitor simulated critical flight parameters and clear the pilot to each test point.

2. Do not confuse structural load testing with flutter testing. The flutter test points
may be flown at identical trim points on a test mission; however, the flutter test
techniques will neither be discussed nor practiced on this mission.

3. Structural loads testing varies greatly with each aircraft tested. The structural
engineers at the contractor, procuring activity or systems program office (SPO), and/or
test center will review the engineering analysis for the aircraft to be tested.
According to the appropriate mil spec (many mil specs in addition to the list above
exist), a test plan is organized, primarily by the contractor and SPO, to enable testing
the critical loads as determined by analysis. Each design will have different critical
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loads, for example, longitudinal fuselage bending moment may be critical for large
aircraft, wing spar bending moments for a fighter, or vertical tail loads for cargo
aircraft. Additionally, each aircraft may have different critical loads for different
flight conditions. For example a low dynamic pressure point may have a high load on
the stabilator actuator and a high dynamic pressure point may have a high torsional
load on the aileron actuator.

4. The test plan designates FTTs. In fact, many of the FTT's used for structural
testing are exactly identical to performance or S&C FTT's. Engineers may simulta-
neously collect data for each type test from a single test point. Each test plan will
have a different combination of the fundamental FTT's depending on which critical
load is being tested. The buildup technique is used and typically load limits are
reached before G limits are explored.

5. Many mil specs have been written to specify loads testing. Due to the specialties
of each aircraft the mil specs are used more as a guide with some requirements and
FTTs waived, modified, or added to satisfy new requirements. For instance, new
construction materials such as epoxygraphites or new flight control systems with
programmable limits will possibly require modification. Some of the basic definitions
from the mil specs are in order.

6. MIL-A-8871A (USAF), paragraph 3.7 states the requirement for all loads testing
to be limited to 80% of design limit load on primary structural components.
Paragraph 3.7.2 states "the structural flight test airplane only shall proceed with
testing at the 100% limit load level upon completion of the 80% structural flight test
program and ultimate load static tests subject to the approval of the procuring
activity." Some definitions are in order and MIL-A-8860A defines:

a. 6.2.8.4. Limit load factor as the maximum load factor normally authorized for
operations.

b. 3.4. Ultimate loads are obtained by multiplying the limit loads by the ultimate
factor of safety. Failure shall not occur at the ultimate load. The ultimate factor of
safety shall be 1.5, except where a higher number is deemed necessary.

¢. 8.5. Deformations. The cumulative effects of elastic, permanent, or thermal

deformations, acting singly or together, which result from application of landing loads,

fatigue loads and limit loads shall not:
(1) Inhibit or degrade the mechanical operation of the airplane,
(2) Affect the airplane's aerodynamic characteristics to the extent that




SYSTEMS PHASE PLANNING GUIDE 3151

performance guarantees or flying qualities requirements cannot be met,

(3 Require repair or replacement of parts. Thus, not only must testing be
included for basic structure with a buildup from 80% to 100% loads, but areas as
listed in the deformations paragraph must be tested. Examples would include DC-9
landing tests where the entire tail section broke off, F-18s lack of roll performance at
high G due to wing torsion and F-111 weapons failing to separate under load because
of bending in the bomb bay area.

d. Waivers to the mil spec are not uncommon. The F-16XL was cleared directly
to 100% load factors due to prior F-16 testing; however, caution is always warranted

as the higher gain in rudder feedback in the F-16XL cracked the rear spar in the
vertical tail during flight test.

7. The instrumentation requirements for structural load testing are extensive and are
generally specified in section 3.4 of MIL-A-8871A. Paragraph 3.2.1 states that unless
otherwise designated, the second aircraft built is instrumented for loads testing.
Accelerometers are placed at critical points specified by the procuring activity to
determine inertial load distributions. Strain gages, aero pressure survey, or both are
used to measure bending moments, shear and torsion on the primary load carrying
surfaces. Other devices such as flaps, landing gear, and control surfaces must be
instrumented also. The calibration of such a system of gages that usually have
crossfeed between strain gage bridges is difficult and lengthy and involves computer
analysis using matrix algebra techniques. Three months is not an unusual amount
of time needed just to calibrate the instrumentation.

The viewing of data traces, real time, is essential to protect the pilot and aircraft from
exceeding critical limits. Usually an odd shaped envelope involving two critical
parameters, such as main spar torsion and vertical tail bending moments during roll
tests, will be constructed. The engineer will monitor these parameters as the pilot
builds up to maximum limits usually by increasing airspeeds for a single FTT. By
monitoring the trends as the airspeed increases, the engineer is better able to predict
whether a parameter will be exceeded at the next planned test speed. If there is any
doubt, the test point will be canceled and a limit established at that point.

8. Extensive static and dynamic ground loads testing must be accomplished before
the complete aircraft envelope may be cleared. This testing is not always done before
the flying is started. Static testing is done in a rig to ultimate loads. Dynamic (taxi)
testing is done using cosine bump or dip tests at speeds designed to excite the
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particular critical load commensurate with operationally experienced taxi conditions.
A C-5 designed to land on unprepared surfaces would be tested over rougher courses
than a T-46 that will be taxied on prepared surfaces only. Arrestments, braking,
turning, pivoting, engine run up, and towing tests are accomplished over surfaces with
varying degrees of roughness. Landing tests are also considered ground tests with
various landing attitudes, gross weights and sink rates being critical.

9. Dynamic response flight tests (not flutter) are conducted through turbulence
having a minimum root mean square (rms) true gust velocity of 2 ft per sec. The test
time period of 3 minutes is specified. In-flight refueling tests are also conducted. The
landing and taxi tests along with the two mentioned may be combined with flight and
ground ops loads survey testing.

10. The flight ops load survey is divided into initial and final phases. MIL-A-8871A,
paragraphs of section 4.2 state: ,

a. The initial flight phase is that limited to 80% design limit load on any primary
structural component. The maneuvers accomplished at high, medium and low altitude
shall include normal symmetrical pull up and pushdown, normal uncoordinated rolling
pullout and 360° roll, and steady state yaw maneuvers. These maneuvers will be
defined later. Minimum altitude will be 5000 ft AGL. Five test speeds at each
altitude are required. Lowest test speeds are minimum design speed for limit load
factor at the test altitude and gross weight. The highest speed is maximum design
speed. The minimum speed for the steady state yaw maneuver is limit flaps-down
speed.

b. The loadings and configurations for the pull up, pushdown and rolling pullout
maneuvers shall be critical for the wing in the clean configuration, unless fixed
external stores or pylons are a part of the design, and with loadings considered to
significantly affect the wing or horizontal tail loads. The 360° roll maneuver shall be
conducted with loadings considered critical for vertical tail loads. The yaw maneuver
shall be conducted with internal loadings considered critical for vertical tail loads in
the clean configuration and with such external store configurations and loadings
considered to significantly affect the sideslip angles. If dive brakes, flaps, etc., are
considered to produce significant changes in the loads, the maneuvers shall be
repeated with these control devices extended.

c. The final phase flight tests shall be performed after completion of the initial
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phase flight tests, the ultimate load static tests and with the specific approval of the
procuring activity. Buildup maneuvers shall be flown as necessary to insure not
exceeding the 100% design limit load of the aircraft. Conditions indicated to be
critical by analytical calculations, static test data and initial phase flight test data
shall be included in this phase.

11. The test maneuver requirements are stated in section 4.5 of MIL-A-8871A. These
paragraphs have been paraphrased below. First a few definitions to explain
terminology where used in the maneuver descriptions:

a. 6.2.2 Normal maneuver. A relatively smooth maneuver in which acquisition

of basic data is a primary requirement.
b. 6.2.3 Abrupt maneuver. A maneuver in which the abrupt application of control

forces is a primary requirement.

c. 6.2.4 Maximum tolerable buffeting. Buffeting which produces an incremental
load factor (half amplitude) at the center of gravity of the airplane equivalent to 5%
of the required test load factor. This definition shall be verified by the procuring
activity after a study of the test data has been made (4.6.4).

d. 4.6.3 Rate of roll requirements. For rolling maneuvers, the maximum rate of
roll shall be that obtained within the specified angle of bank by applying either a
60-1b lateral control force (2 equal and opposite 48-1b forces applied at the circum-

ference of the control wheel), full stick or wheel displacement, or full aileron or spoiler
design roll rate of the airplane. The roll rate shall be the maximum design roll rate
of the airplane. The roll shall be checked with an opposite directed force so that the
specified angle of bank will not be exceeded. The rate of application of the aileron
force shall be as specified in 4.6.5.

e. 4.6.5 Abrupt application of contro] forces. As follows:

(1) For pitching maneuvers:
0.2 secson A, F, TF, T, and O types.
0.3 secs on U, B and C assault types.
0.4 secs on all others.

(2) For rolling maneuvers:
0.1 sec on stick-type controls.
0.3 secs on wheel-type controls.
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(8) For yawing maneuvers:
0.3 secs on C and some B types.
0.2 secs on all others.

The maneuvers are now explained with reference to the above definitions.

f. 4.5.1 Normal Symmetrical Pull up. A pullup to obtain the required test load '

factor, or if less, the maximum load factor within the maximum tolerable buffeting.
Stabilize at the specified flight conditions and trim control forces to zero just prior to
starting the pullup.

g. 4.5.2 Normal symmetrical pushdown. A pushdown to obtain the required test
load factor, or if less, the maximum load factor within the maximum tolerable
buffeting. When this maneuver is required at flight altitudes below 10,000 ft, a pull
up to a sufficient climb angle shall be performed first in order to avoid excessive dive
angles after carrying out the pushdown. Stabilize at the specified flight condltlons
and trim control forces to zero just prior to starting the pushdown.

h. 4.5.3 Normal uncoordinated rolling pullout. Stabilize at the specified flight
conditions (may be loaded) and trim control forces to zero in a steady, right turn at
a bank angle which corresponds to the required test load factor, the pullout shall be
to the left. The maneuver may be required in both directions depending on both
wings being instrumented. The airplane shall be rolled through an angle equal to two
times the initial bank angle. Aileron control forces shall be applied until the rate of
roll is built up to a maximum. The roll shall be checked by the application of
oppositely directed control forces so that the specified bank angle will not be exceeded.
During the initial phase tests, the rate of application of aileron control forces shall be
the maximum but shall not exceed that which placed 80% of the limit load on the
major structural components of the airplane. The rudder shall be held fixed in its
trim position as established by the maneuver entry speed. The elevator or stabilator

position shall be held constant, unless change is required to avoid exceeding the
required test load factor.

i. 4.5.4 Normal uncoordinated 360° roll (fighter and trainer aircraft only). The
initial load factor shall be 1.0 with the wings level. The roll shall be performed to the
left unless total load instrumentation is not provided on the left wing, then the roll
shall be performed in both directions. Aileron control forces shall be applied until the
rate of roll is built up to a maximum. The roll shall be checked by the application of
oppositely directed control forces to avoid exceeding 360° of roll. During the initial
phase tests, the rate of application of aileron control forces shall be the maximum but
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shall not exceed that which placed 80% of the limit load on the major structural
components of the airplane. The rudder shall be held fixed in its trim position as
established by the maneuver entry speed. The elevator or stabilator position shall be
held constant, unless change is required to avoid exceeding the required test load
factor. .

j. 4.5.5 Steady state yaw maneuver. Stabilize at the specified flight conditions

and trim control forces to zero just prior to application of the rudder. A level yaw
maneuver to maximum steady state sideslip angle shall be performed. A rudder pedal
force of 300 lbs, full rudder deflection, or maximum output of the power control
system shall be used while maintaining the airplane at a wings level flight attitude
throughout the maneuver.

k. 4.5.6 Abrupt symmetrical pull up. Stabilize at the specified flight conditions
and trim control forces to zero just prior to starting the pull up. An abrupt
application of control forces will be as in 4.6.5. To avoid exceeding the maximum
tolerable buffeting, the pilot may check this maneuver as soon as the movement
applied to the control surfaces is equal to that required for the specified test load
factor.

1. 4.5.7 and .8 Abrupt symmetrical pull up and pushdown with abrupt checking.
Stabilize at the specified flight conditions and trim control forces to zero just prior to

starting the pull up or pushdown. For this maneuver, the rate of elevator motion
shall be the maximum obtainable, without exceeding the test load factor. The
maneuvers shall be performed IAW MIL-A-8861.

m. 4.5.9, .10, and .11 are abrupt coordinated rolling pullout, abrupt uncoordi-
nated rolling pullout with abrupt checking and abrupt coordinated 180° roll (fighter
and trainer aircraft only).

n. 4.5.12 and .13 Abrupt uncoordinated 180° and 360° roll (fighter and trainer
aircraft only). Starting with a load factor of +1.0 and wings level flight attitude, the
airplane shall be rolled to the left by an abrupt application of the aileron control force

and then checking the roll with an abrupt application of an oppositely directed control
force to avoid exceeding the specified bank angle. Aileron control forces shall be
abruptly applied until the rate of roll is built up to a maximum. During the roll,
rudder shall be held fixed in its trim position as established by the maneuver entry
speed. The elevator or stabilizer position for entry shall be held constant and only
changed as necessary to avoid exceeding the unsymmetrical or test load factors.

0. 4.5.14 and .15 are landing approach pull up and rolling pullout maneuvers.
p. 4.5.16 Rudder maneuver for high-speed steady sideslip with rudder reversed
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(fighter and trainer aircraft only). Stabilize at the specified flight conditions and trim
control forces to zero just prior to applying the rudder. A maximum steady sideslip
maneuver with an abrupt reversal of the rudder shall be performed. A pilot effort of
180 lbs or full rudder deflection, whichever occurs first, shall be initially applied to
the left rudder control. Full reversal of the rudder completes this maneuver and to
avoid excessive loads on the airplane, the rudder should be returned to neutral
position for immediate recovery. During this maneuver, the aileron or spoiler controls
shall be used to keep the airplane in a wings level flight attitude.
g. 4.5.17 is a rudder kick maneuver with abrupt return.

r. 4.5.18 is a rudder kick maneuver for landing approach configuration.
s. 4.5.19 is a unsymmetrical power simulation maneuver for the vertical tail.

t. .b. is a deceleration device extension maneuver. Variations of these maneuvers
with more recognizable names of roller coasters and windup turns are not uncommon

and are defined in the mission events section.

LIMITATIONS:
1. Flight manual restrictions will apply to all phases of flight.

a. The mission will be conducted as if it were an initial phase test flight. You
should assume that this aircraft has never been to the artificial limits before and this
is a loads expansion test. Artificial positive load limits will be 6 Gs symmetric and
4 Gs unsymmetric. The artificial symmetric negative load limit will be -2 G. The
artificial unsymmetric lower limit will be -0.8 Gs.

b. The FTE will monitor the data traces to determine the pilot's performance.
Differences between telemetered and cockpit data will occur because of placement of
the accelerometers. Use the most conservative data.

2. In addition to Flight Manual limits, artificial limits have been established to
simulate load limits on critical load members. Instrumentation is not available or
practical for actual load telemetry. Limits are as follows:
a. +18° to -7° AOA,
one 360° roll with full aileron deflection,
80°/sec roll rate,
8 sideslip,
15°/sec yaw rate.

e 0 T

3. A telemetry (TM) system must be available with UHF communications. TM voice -
(HOT MIC) is desirable but not required.
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4. An IP will occupy the rear seat.

5. Minimum altitude for the flight will be 10,000 ft MSL or 5000 ft AGL whichever
is higher.

MISSION EVENTS: (Gradesheet, pg A.16 A.17 & A.18)
1. Mission Preparation.

a. The test points included in the mission profile were planned using the
information given in the General section and criteria listed below. Data and mission
cards will be prepared by the FTE with assistance of the pilot for the pilot, IP and
engineer that will facilitate communication between air and ground. They should be
easily interpreted by the pilots.

b. The profile will attempt investigation at two airspeeds at a medium altitude
and one at a low altitude, similar to the guidelines of the initial phase in the mil spec.
There is no requirement to finish all the test points. The primary goal is to expand
as much of the envelope as possible by practicing each maneuver with appropriate
buildup techniques to avoid exceeding established limits.

¢. The buildup technique must be used for any point where the limits may be
reached. This is especially true of the negative load factor and abrupt maneuvers
where rates to limits are important. A buildup technique will help avoid overshoots
and create an awareness for any anomalies such as short period transients.

d. Buildup techniques may be made in load factor, percentage of full control
deflection, and/or rates to full deflection. A particular FTT or test point may require
one or both of the particular buildups depending on the critical parameters
approached. Some techniques are directed in following paragraphs.

2. Briefing. _

The student test pilot will brief the instructor on the conduct of the flight to include
the crew coordination and FTTs. The student FTE/N will brief the mission profile and
air-to-ground communication procedures. The FTE/N should brief the terminology to
be used for aborting a maneuver for approaching a limit.

3. Ground Ops.

a. A proper preflight is a must. Pay special attention to security of panels and
fasteners, leaks, stress points, ete.

b. Proper strap in to the ejection seat is essential. Survival seat straps and lap
belts will have to be as tight as possible. Police cockpit for loose items, foreign objects,
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etc.

¢. The engineer will conduct a ground check of the TM and calibration of the
instrumentation while the aircraft is in the chocks, if radio reception allows. This
should include control sweeps as in a flying qualities ground block. Control input
timing will be critical during all abrupt maneuvers. Close coordination between
ground crew and aircrew is necessary to ensure the proper rate of strip chart speed
is set for each maneuver. Chart speed may be increased in an attempt to measure the
time response.

d. The FTE must be very familiar with the limitations imposed on the flight.
His/her grade will be based upon his/her ability to control the flight conduct to expand
the envelope without exceeding limits.

4. Takeoff/Climb.

Will be accomplished in a timely manner to the initial test altitude. The proximity
to the TM antenna will be a determining factor as to direction. A 40 NM circle will
be sufficient for reception at both altitudes. A semicircle formed by Tehachapi, Koehn,
Cuddyback and Harpers Lake will usually enable good reception of the TM. Active
spin areas will reduce the maneuvering area.

5. Structural Load Test Points.
The pilot will proceed through the card supplied by the engineer. Since the

maneuvers are slight variations of maneuvers already taught at the school, they may
or may not be demonstrated at the discretion of the IP. Primarily the instructor will
serve as safety pilot and will be aware of the flight regions and maneuvers that will
cause safety limits to be approached. The IP should not be relied on for data

acquisition. At any maneuver or test point the FTE or pilot should determine the
necessity for a buildup to the full deflection or limit. Any decisions to require further

build-up maneuvers before reaching a limit will be made real time by the IP. The test
team of pilot and engineer will proceed through as many test points as fuel will allow.
With IP's approval the test points may be flown out of sequence for fuel consider-
ations. Otherwise, the test points should be flown in the order listed:

a. Trim at 25,000 ft H, and 0.7 M (3200 ft and +0.02 M). Data band for the
maneuvers are £2000 ft and £0.02 M. These tolerances may be reduced by the
engineers at the flight briefing.

(1) Normal Pull up - Accomplished identically as a stabilized pull up
maneuvering flight point except the only critical parameter is load factor. Stabilized

airspeed is not necessary. For lower load factors a pull up from level flight may be
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-used. For higher load factors the bleed off of airspeed is quick and entry in a descent

may be necessary to remain in the data band. Simulated critical parameters are 6 Gs
and 18° AOA.

(2) Normal Pushdown - Can be practiced several ways. Check for proper strap
in and tighten up the lap belt and survival seat straps. In erect flight, establish a
climb into the specified data band at the specified speed. Approaching the test
altitude adjust trim power and begin the pushover. Nose attitude will be low at the
end of the maneuver. Dust in the cockpit will be a problem so expect to squint so it
doesn't get in your eyes. Close monitoring by the FTE will be necessary to avoid
overshooting the negative limits. Use a buildup technique of two or three increments
to adjust to the control motions necessary. Simulated critical parameters are -2 G or
-7° AOA. The load factor achieved is most important ... not the rate to reach it.
Alternative methods involve initiating the pushover from wings level inverted flight
or from 90° of bank. The Mach number may have to be higher to begin the maneuver
in either case. Approval from the procuring activity to use these methods will be
required and would depend on the desired data. The worst case is the erect flight
pushdown. Watch your positive limits on the recovery.

(8) Normal Rolling Pullout - Establish a 2 G, trimmed, level, right turn at test
conditions. If a change in G is experienced during the roll such that limits are
approached, adjust stabilator as necessary to avoid a limit. Otherwise stabilator
position shall be held constant. Smoothly apply aileron until maximum roll rates are
reached. Do not exceed a left bank angle equal to the initial right bank angle. Lead
will be required proportionate to the rate of lateral control input. Simulated critical
parameters are roll rate, yaw rate and unsymmetrical load limits for the aircraft. If
roll coupling is present a G overshoot during roll or undershoot on rollout may be
present. Position of the accelerometers with relation to the z-axis center of gravity
will also be a factor.

CAUTION: THE ACTUAL UNSYMMETRIC LOAD LIMIT OF THE
AIRCRAFT IS MINUS 1 G. THIS LIMIT MAY BE EXCEEDED WITH
FULL AILERON DEFLECTION ROLLS.

(4) Abrupt Pullup - Begin from trimmed level flight and apply the appropriate
stick force(w/i 0.2 secs) that will result in the load or AOA limit being reached. There
may be a delay before the AOA or load factor will be realized so the stick force will
have to be held for a short period until the desired limit is reached. Maintain this
same short delay time from pull up to pull up. The stick force is then released in 0.2
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secs to neutral. Buildup in load factor or AOA is required to avoid overshoot of limits.
Countdown for the rear seat occupant and FTE is desired. The AOA or load limit will
be the critical parameters. The load factor may lag the control input and TM readout
may be different than cockpit data requiring self calibration of the cockpit meter to
avoid exceeding limits. Use the most conservative instrument indication.

(5) Abrupt Pushdown - Identical to the abrupt pull up. A stick bump due to
hand/arm dynamics may be present that can cause overshoots. A buildup to limits
is critical.

(6) Abrupt uncoordinated 860° roll - From 1 G, level flight, abruptly roll with
a buildup deflection and "check" abruptly to avoid exceeding 860° of roll. Use care to
avoid over-checking. Use at least one buildup of half deflection first. Lead for the
rollout is determined by the roll rate and stop time. Stabilator will be fixed, except
to avoid exceeding a G limit. Rudder will be fixed. Roll rate and yaw rate are the
critical parameters. Approach full deflection at a rate determined by the FTE.

b. Trimmed condition at 25,000 ft H, and .58M (% .2).

(1) Normal steady state yaw - A steady sideslip with wings level will be flown.

Use up to full rudder pedal deflection and use this maneuver to judge deflections

necessary for partial deflection buildups for abrupt maneuvers. Eight degrees sideslip
is the critical parameter.

(2) Abrupt Rudder Reversal - The goal of this maneuver is to apply loads to the
vertical tail and rudder by abruptly reversing the rudder from a full deflection steady
state wings level sideslip. Begin the test point by setting up in an 8 degree steady
wings level sideslip. Abruptly reverse the rudder (within 0.2 seconds) and immediate-
ly neutralize the rudder after the reversal. Critical parameters are yaw rate and
sideslip. A build up approach would involve varying the amount of opposite rudder
applied.

¢. Trimmed condition at 25,000 ft H, and 0.9M.

(1) Normal 2 G Rolling Pullout - Same as a(3) above.

(2 Roller Coaster - A variation of the pull up-pushdown maneuvers where G
onset rate is of primary importance. Stabilize at the specified flight conditions and
trim control forces to zero just prior to starting the maneuver. A slight pull up is
started, then a pushdown to a specified symmetric G limit is initiated at 2 secs per
G. At this limit initiate a pull to the specified symmetric limit at 1 sec per G. The
rates mentioned are only those recommended for this mission. Other rates may be
required for different aircraft and critical parameters. Flight conditions will vary
slightly but try to remain close to the desired conditions. Do not overshoot prescribed
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loads. If TM data traces indicate higher readings, close crew coordination will be
necessary to avoid overshooting limits.

(3) Windup Turn - Stabilize at the specified flight conditions and trim control
forces to zero. Conduct a constant Mach coordinated turn with a "G" buildup rate of
3 secs per G. Decrease altitude and utilize power, if necessary, to hold constant Mach.
Discontinue the turn at the "G" limit or AOA limit, whichever occurs first. Due to the
quicker G onset rate than the standard maneuvering flight FTT, the maneuver may
be completed in a 2000 ft data band.

(4) Abrupt 360° 1 G Roll - Same as a(8) above.

d. Trimmed condition at 15,000 ft H, and 0.9M.
If time doesn't allow completion of all maneuvers at this point, at least attempt the
abrupt pull up and pushdown maneuvers to see the effects of the PIO tendency on
overshooting aim load limits.

The following maneuvers as described above:
(1) Normal pull up
(2) Normal pushdown
(8) Abrupt pull up, start with low buildup loads

(4) Abrupt pushdown
PLUS:
(56) Abrupt uncoordinated 180 °roll at -0.5 G - The aircraft will be placed in the

required condition either erect or inverted. Using a buildup technique, the stick will
abruptly be applied in 0.1 sec to reach maximum roll rates. The roll will be abruptly
stopped not to exceed 180° of roll. The rudder will be fixed and the pitch will be held
constant unless load limits will be exceeded.

CAUTION: THE ROLL RATE AND -0.8G UNSYMMETRICAL LOWER
LOAD LIMIT MAY BE EXCEEDED WITH FULL DEFLECTION

ROLLS.
6. For pilot training requirements the following priorities are places on the individual
test points.
Priority 1: All 25,000 0.7M test points, roller coaster and windup turns at
25,000 0.9M, and the -0.5G 180° abrupt roll at 15,000 0.9M.
Priority 2: One of the normal maneuvers either pull up or pushdown at

15,000 0.9M and one of the abrupt maneuvers either pull up or
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pushdown at 15,000 0.9M. .

Priority 3: All other remaining test points.

7. Traffic Pattern and Landing.
At bingo fuel, return to Edwards for approach and landing.

8. Debrief.
a. The FTE will debrief the strip charts to the crew pointing out any problem
areas noted with the quality of data. Any mission conduct items will also .be

debriefed.
b. The pilot will discuss the difficulty of maneuvers and any mission conduct items

noted.
¢. The instructors will debrief the test team on their planning and conduct of the

mission and the quality of the data.
d. All limits exceeded will be discussed. The number of exceeded limits will help
determine grade for FTE.

INSTRUMENTATION:

1. T™™ .

2. Flight‘ data cards
3. Data Traces

DATA REDUCTION/REQUIRED PLOTS:

None.

REPORT:
None.
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SECTION IV
LIST OF ACRONYMS AND ABBREVIATIONS

ACAL - Altitude Calibration

ACM - Air Combat Maneuvering

ADI - Attitude Direction Indicator

AGL - Above Ground Level

AFCS - Automatic Flight Control System
AFFTC - Air Force Flight Test Center
AFFTCM - Air Force Flight Test Center Manual
AFMC - Air Force Materiel Command

AOA - Angle of Attack

ASR - Area Surveillance Radar

ASTTA - Avionics Systems Test Training Aircraft
BAI - Battlefield Air Interdiction

BFL - Bomb Fall Line

BUC - Back Up fuel Control (F-16)

CAS - Close Air Support

CCIP - Continuously Computed Impact Point
CCRP - Continuously Computed Release Point
comin - communications

DAS - Data Acquisition System

DB - Dive Bomb

DEFT - Display Evaluation Flight Test

demo - demonstration

DME - Distance Measuring Equipment
DTOS - Dive Toss

ECM - Electronic Counter Measure

EGT - Exhaust Gas Temperature

EPU - Emergency Power Unit (F-16)

E-O - Electro-Optic

FAC - Forward Air Control

fam - familiarization

FCC - Fire Control Computer

FCNP - Fire Control Navigation Panel

FCS - Fire Control System
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FLCS - Flight Control System (F-16)
FLIR - Forward Looking Infrared
FPM - Flight Path Marker

FOL - Forward Operating Location
FOV - Field of View

FTE - Flight Test Engineer

FTE/N - Flight Test Engineer/Navigator
FTT - Flight Test Techniques

GCA - Ground Control Approach
GMP - Ground Map Pencil

GMS - Ground Map Search

HADB - High Altitude Dive Bomb
Hc - Pressure Altitude

HOTAS - Hands-On Throttle And Stick
HSI - Horizontal Situational Indicator
HUD - Heads-up Display

IAW - In Accordance With

ICU - Interface Control Unit

IFF - Identify Friend or Foe

IFOV - Instantaneous Field of View
IFR - Infrared Radar

ILS - Instrument Landing System
IMS - Inertial Measuring System
INS - Inertial Navigation System

IP - Instructor Pilot or Initial Point
IR - Infrared

IRDS - Infrared Detecting Set
KCAS - Knots Calibrated Airspeed
KIAS - Knots Indicated Airspeed
KTAS - Knots True Airspeed

LAB - Low Angle Bomb

LALD - Low Angle Low Drag

LCO - Limit Cycle Oscillation

LOS - Line Of Sight

MN - Mach Number

mil - military
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MRC - Minimum Resolvable Contrast
MRTD - Minimum Resolvable Temperature Difference
MR%H - Minimum Resolvable percent resolution
MSLP - Mean Sea Level Pressure
NFOV - Narrow Field of View

NM - Nautical Mile

ODO - Operations Duty Officer

Ops - Operations

PA - Power Approach

PAR - Program Assessment Review
PIRA - Precision Impact Range Area
PIO - Pilot Induced Oscillation

PLA - Power Lever Angle

MDS - Projected Map Display Set
PRF - Pulse Repetitious Frequency
Qual Eval - Qualitative Evaluation
RAT - Ram Air Turbine

RCO - Range Control Officer

R&D - Research and Development
rms - root mean square .

ROE - Rules Of Engagement

RTB - Return To Base

S&C - Stability and Control

SF_, - Spatial Cutoff Frequency

SFO - Simulated Flame Out

SHSS - Steady Heading Sideslip

SI - Special Instrumentation

SIP - Systems Integration Package
SMS - Stores Management System
specs - specifications

SPO - Systems Program Office
STRF - Strafe

TACAN - Tactical Area Navigation
TD box - Target Designator box

TF - Terrain Following

TLF - Thrust for Level Flight
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TM - Telemetry | .

TOT - Time On Target

TPS - Test Pilot School

TRB/SRB - Technical Review Board/Safety Review Board

TV - Television

USAFTPSOI - United States Air Force Test Pilot School Operating Instruction
VTR - Video Tape Recorder

WFOV - Wide Field of View
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SECTION V

SAFETY REVIEW BOARD DOCUMENTATION
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v PROJECT DESCRIPTION

INSTRUCTIONS: Include the following sections: Background, Test Objectives, Test Item Description, System Maturity, Types of Tests, Differences from Previous Tests and
IScope. An amendment will incorporate changes inherent within these sections. Use additional sheets if necessary,
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INSTRUCTIONS: Include the following sections: Review Synopsis, References, Mishap Responsibilities, General Minimizing Considerations, Special Considerations, Action

. items, Risk Assessment, and Coordination Comments. An amendment will incorporate changes inherent within these sections. Use additional sheets if necessary.

SECTION IV: PROJECT DESCRiPTION:

1. BACKGROUND: The Systems Phase of instruction is part of the formal training provided by the USAF Test Pilot School (TPS). Also
covered by this documentation is the Qualitative Evaluation Flight Program which is taught under the Test Management Phase of instruction

at TPS.

2. TRAINING OBJECTIVES: Teach student test pilots, flight test engineers and flight test navigators the principles and techniques used in
testing aircraft systems.

3. TEST ITEM DESCRIPTION: Systems test techniques are taught in the A-37, F-15 and F-16 aircraft. Additionally, training is given in
an NC-131 aircraft, which are operated by CALSPAN. Qualitative evaluations can be performed in any type of air vehicle.

4. SYSTEM MATURITY: All curriculum sorties discussed in this documentation have been proven to be safe through previous flights.

5. TYPES OF TRAINING: Testing includes all aspects of an aircraft's RADAR, INS, HUD and electro-optics systems, as well as avionics
integration and human factors. Structural loads, Limit Cycle Oscillations (L.CO) and assymmetric stores carriage flight test techniques are
also flown. Inert weapon deliveries are flown as well. Overall aircraft performance, flying qualities and systems are evaluated on one-time
flights during qualitative evaluations.

6. DIFFERENCES FROM PREVIOUS TESTS: This documentation incorporates all changes from the previous Systems Phase safety
documentation, control number 90-59, and adds the Limit Cycle Oscillation sortie to the curriculum and deletes the NT-33 HUD evaluati :
sortie. Test Management Phase flights remain unchanged from the previous SRB. Several previous THA's have been deleted and the
applicable minimizing precedures were incorporated into the GMC section. The updated THA's replace all previous.

7. SCOPE: Thirteen sortie types are described in the Systems Phase Planning Guide. Student test pilots will fly approximately twelve
sorties while student FTE/Ns will fly about eight sorties. Also, FTE/Ns will control two flights from a control room. Additionally, there
will be approximately 8 - 10 qualitative evaluation sorties per student.

SECTION V: SAFETY REVIEW SUMMARY:

1. REVIEW SYNOPSIS:

TRB: The technical review of the Test Pilot School's curriculum for the Systems and Test Management phases are accomplished
internally to the Test Pilot School with input from the 412 OG/DOE. As such, no formal TRB was accomplished.

SRB:

1. The safety board met on 13 January 1994 to review the subject safety planning. Both the Systems and Test Management Phases of
instruction were reviewed. The board reviewed the entire contents of the Phase Planning Guides, but emphasized the changes since the last
review. The major changes were the transition to F-15 and F-16 aircraft along with the new F-16 Limit Cycle Oscillation (LCO) curriculum

sortie.

2. The majority of the discussion centered around accomplishing the LCO sorties. The following is provided as a brief summary of
the discussion so that future reviews will know why the safety planning was written as it is presented here.

a) Although the LCO sortie is flown within current flight manual limits, the experts at the board felt, based on their experience,
that the initial curriculum development missions were closer to test activities then operational flying. The board also felt that the SPO ha
made compromises with respect to safety when clearing LCO flight, in order to provide a required combat capability. The board was al
concerned with repeatability of the LCO phenomenon among different F-16 tail numbers and repeatability from flight to flight. That is
why the board required that a flutter expert monitors the LCO curriculum development flights.

- :
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Section V continued

b) Because of the repeatability concerns, the board also required the TPS staff to
provide an annual review of the LCO characteristics versus each aircraft and test points. This
would help the TPS staff in determining when the aircraft are changing enough to warrant
additional development flights, or warrant additional curriculum changes for the student test
points. The board also felt that as more data become available the periodic review could also be
used to relax, if appropriate, the board’s restrictions on the LCO mission.

¢) Additionally, the board required that during the curriculum development sorties
for each F-16 tail number the instructors evaluate the potential to overshoot 80% of the Uniform
Abort Policy for each test point. Those test points that had a2 medium probability of exceeding
80% of the Uniform Abort Policy will be eliminated form the student’s test cards. This may
involve also providing test point result summaries for each aircraft to the instructor who monitors
the students in the control room.

d) Additionally, the minimum required instrumentation for real-time monitoring
was specified for this sortie. It was determined that the LCO sortie would not be accomplished if
a control Toom was not available or the Go/No-Go parameters were not available. An action item
was generated to provide the Uniform Abort Policy plot with the 80% limit drawn on it in the
Systems Phase Planning Guide.

e) The board also required that, during the LCO test points, aircraft will not be
flown above 80% of the Design Load Limit as specified in the flight manual carriage limits for
the weapons loading. This is to avoid inadvertently performing structural loads testing during an
LCO investigation.

2. REFERENCES:

USAFTPS Systems Phase Planning Guide, December 1993.

USAFTPS Test Management Phase Planning Guide, December 1992.

AFSC/TAC MOU, Flight Mishap Accountability.

AFFTC 55-2. :

AFMCR 55-7.

USAFTPS 51 series regulations and operating instructions.

416 Test Squadron flight briefing guide.

AFSC Form 5028, USAF TPS Systems Phase, control number 90-59, and changes.
MIL-STD-1783A, Aircraft/Stores Certification Procedures.

MIL-HDBK-244A, Guide to Aircraft/Stores Compatibility.

TEr PR rthe Ao o

3. MISHAP RESPONSIBILITIES:

a. For AFFTC aircraft and CALSPAN aircraft (ASTTA), AFMC has mishap
accountability and AFFTC has mishap investigation and reporting responsibility.

b. Mishap investigation, reporting and accountability for non-AFMC aircraft rests with




the owning command. Mishap responsibility for qualitative evaluation flights are specified in the
AFMC/ACC MOU. .

4. GENERAL MINIMIZING CONSIDERATIONS:
a. General minimizing considerations for all curriculum sorties:
(1) Changes to the Systems and Test Management Phase Planning Guides require

approval of the TPS Commandant. The Commandant will determine which changes warrant
coordination with AFFTC/SET. Major changes to the Phase Planning Guides will be via AFFTC

Form 5028.

(2) All Systems Phase syllabus flights will be conducted under the direct supervision of a
TPS instructor.

(3) Test Pilot School IPs must receive the applicable systems flight test techniques
briefing (every six months) prior to instruction students.

(4) All syllabus flights will be conducted in accordance with the applicable aircraft’s
flight manual, AFFTC 55-2, and applicable aircraft guides and within the local flying area (except
for qualitative evaluation flights flown at other locations).

(5) All Systems Phase syllabus flights will be flown in day VMC, except for the night
ASTTA mission, which will be flown in night VMC. .

(6) All flights will be conducted in accordance with the USAFTPS 51 series
regulations/operating instructions.

(7) For missions involving air-to-air or air-to-ground events, the applicable portions of the

air-to-air or air-to-ground rules of engagement (ROE) will be briefed before each mission.

USAFTPS Operations division will ensure each school briefing room maintains current copies of
the ROE (AFMCR 55-7 ROE will be used).

b. Cockpit Evaluation general minimizing considera'tions:
(1) The ground evaluation will be conducted under daylight conditions.
(2) Emergency ground.egress procedures will not be evaluated.
(3) All gjection and jéttison safety pins will remain in place throughout the evaltuations.

(4) A crewmember familiar with the aircraft will accompany students during the cockpit
evaluation.

(5) Ground power will not be used unless a qualified crew chief or technician is available
to connect the power and a crewmember has briefed the students on aircraft systems restrictions.




c. Integrated Systems Evaluations (qual) general minimizing considerations:
(1) Ground training in the aircraft will be completed IAW USAFTPS OI 51-9. -

(2) See also the following THAs: Ground Impact During Low Level Flight and Weapon
Deliveries and Mid-air Collision Between Test Aircraft and Target Aircraft.

d. F-16 Electro-Optical Evaluation Demo general minimizing considerations:

(1) All maneuvering will be conducted above 1,500 ft AGL. For momentary periods, as
the target is approached, the aircraft may be descended to 1,000 ft AGL if it is required to stay
within guidance unit gimbal limits.

(2) No simulated weapons will be loaded on the aircraft for this mission, except for
simulated AIM-9 which may be loaded on stations 1/9.

(3) See also the following THA: Ground Impact During Low Level Flight and Weapon
Deliveries. ‘

e. ASTTA (NC-131H) Demo/Data general minimizing considerations:

(1) The aircraft will be flown by fully qualified CALSPAN aircrews during all missions,
and these aircrew members will perform primary safety observer duties during the systems
evaluations.

(2) The systems demonstrations and evaluations will be conducted under the direct
supervision of an USAFTPS instructor.

(3) See also the following THAs: Ground Impact During Night ASTTA; Inadvertent

Radiation of Ground Personnel (ASTTA); and Ground Impact During Low Level Flight and
Weapon Deliveries; Mid-air Collision Between Test Aircraft and Target Aircraft; and Bird Strike

During Night ASTTA Mission.
f. F-16 Weapons Delivery Familiarization general minimizing considerations:
(1) Minimum airspeed in the bombing pattern is 250 KIAS.

(2) The mission will be flown on a conventional range, either single ship or as a flight of

(3) At least one dry practice pass per event will be flown for familiarization prior to
releasing the first bomb for that event.

(4) An operable HUD is required.

(5) See also the following THA: Ground Impact During Low Level Flight and Weapon




Deliveries.

g. A-37 Controlled Weapons Delivery general minimizing considerations:

(1) Minimum airspeed in the bombing pattern is 180 KIAS.

(2) The mission will be flown on a conventional range, either single ship or as a flight of
two.

(3) At least one dry practice pass per event will be flown for familiarization prior to
releasing the first bomb for that event.

(4) See also the following THA: Ground Impact During Low Level Flight and Weapon
Deliveries. :

h. F-15 Air-to-air Systems Evaluation general minimizing consideration:

(1) Minimum altitude for intercepts will be 1,000 ft AGL for the target aircraft and 2,000
ft AGL for the F-15. The F-15 may complete a stern intercept on a non-maneuvering target at
1,000 ft AGL when adequate turn room is available and the target is visual, so as not to go below
1,000 ft AGL.

(2) Aircraft will maintain 1,000 ft separation until visual during electronic
countermeasures (ECM) intercepts, since some radar information may not be present.

(3) If at any time safety of flight is compromised during ECM intercepts, "STOP
MUSIC" or "SAFETY, SAFETY" will be broadcast on the working frequency, and the target
aircraft will terminate use of the ECM.

(3) Minimum airspeed for the F-15 during any intercept below 5,000 ft AGL will be 350
KCAS to maintain maneuvering capability. Limit nose low descent angles to less than 30° during
low altitude intercepts below 5,000 ft AGL.

(4) See also the following THAs: Ground Impact During Low Level Flight and Weapon
Deliveries and Mid-air Collision Between Test Aircraft and Target Aircraft.

i F-16 Svstems Evaluation (Pilot and FTE/N) general minimizing considerations:

(1) Minimum airspeed for the F-16 during any intercept below 5,000 ft AGL will be 350
KCAS to maintain maneuvering capability. Limit nose low descent angles to less than 30° during
low altitude intercepts below 5,000 ft AGL.

(2) Simulated or training store weapon deliveries will be discontinued with any weapon
systems malfunction.

(3) Simulated intercent air maneuvers against targets of opportunity will be flown to the




rear quadrant and will be terminated at 6,000 ft spacing.

(4) See also the following THAs: Ground Impact During Low Level Flight and Weapon
Deliveries and Mid-air Collision Between Test Aircraft and Target Aircraft.

j. F-15 Captive Compatibility Demo/Asymmetric Stores general minimizing considerations:
(1) Sortie will be flown with a qualified TPS F-15 instructor.
(2) The external 610 gallon tank will be fuel feedable.

(3) Limitations for the mission are listed in Table 3-1 of the Systems Phase Planning
Guide. IP checkout will be authorized to use up to flight clearance limits.

(4) Jettison procedures, asymmetric flying qualities, external tank failure to feed, sortie
limitations, and abort procedures will be briefed in detail.

(5) Normal takeoff trim setting will be used.

(6) Any emergency aggravated by an asymmetric load condition will require immediate
feeding of external fuel or jettison of the tank prior to landing.

(7) The external tank must be entirely full prior to engine start to prevent fuel sloshing
during flight. The external tank fuel reading should be 3,950 +250 Ibs for JP-4
(4,090 £250 Ibs for JP-8).

(8) The tank and pylon will be specifically checked during preflight to
ensure ejection cartridges are installed.

(9) The aircraft must have an operative AOA gauge and g-meter in the rear
cockpit.

(10) Cross-wind limits are 10 kts from the side opposite the store and 15
kts from the side with the store.

(11) Maneuver abort procedures will be briefed in detail.

(12) All test points above 21 units AOA will be flown above 10,000 ft AGL
with the exception of takeoff and landings.

(13) See also the following THAs: Departing Controlled Flight during F-15
Asymmetric Stores Investigation; and Aircraft Overstress During Structures
Flight Test Techniques.

k. F-16 Structural Loads FTT general minimizing considerations:




(1) Minimum altitude for the flight will be 10,000 ft MSL or 5,000 ft AGL whichever is
higher.

(2) Proper strap-in and cockpit FOD check are required prior to negative g maneuvers.
(3) Artificial test limits (within the flight manual aircraft limits) will be observed.

(4) See also the following THA: Aircraft Overstress During Structures Flight Test
Techniques.

1. F-16 Limit Cycle Oscillation Demo general minimizing considerations:

(1) The test team will review LCO predictions during the preflight briefing. All
personnel involved with the mission will be knowledgeable of recovery procedures in case of
flutter. '

(2) The minimum test point altitude will be 10,000 ft PA. Minimum altitude for testing
will be 8,000 ft MSL or 5,000 ft AGL, whichever is higher.

(3) Up to 20° dives are permitted for test points at or above 10,000 ft PA.

(4) A maneuver will be terminated if any situations develop in which aircrew comfort
level is exceeded from longitudinal or lateral oscillations, which impair the ability to read
displays, actuate switches, or precisely maneuver the aircraft.

(5) See also the following THA: Structural Failure (Limit Cycle Oscillation Demo).

m. Test Management Curriculum Sorties (Qual Program) general minimizing considerations:

(1) Minimum run landings will not be performed due to potential for hot brakes and
blown tires. The flight manual min-run approach procedures may be flown up to the touchdown
point.

(2) For missions involving air-to-air or air-to-ground events, the applicable portions of the
air-to-air or air-to-ground rules of engagement (ROE) will be briefed before each mission.
USAFTPS Operations division will ensure each school briefing room maintains current copies of
the ROE (AFMCR 55-7 ROE will be used).

(3) All Technical Order limitations and restrictions, as well as service, MAJCOM, and
unit regulations will be followed. Further limitations and restrictions imposed by TPS OI 51-9
and the Test Management Phase Planning Guide will be followed.

(4) Mission qualitative evaluations may be flown at night at the discretion of the TPS
Operations Officer and Chief, Test Management Branch.




(5) See also the following THAs: Ground Impact During Low Level Flight and Weapon
Deliveries and Mid-air Collision Between Test Aircraft and Target Aircraft.

n. A-37 qualitative evaluation mission general minimizing considerations:

(1) No external stores will be carried except for pylon wing tanks.
(2) For stalls:

(a) No asymmetric fuel load (a maximum of 70 lbs difference in wing fuel
reading).

(b) Recovery will be initiated when the pilot has a clear indication of a defimite g
brake or a rapid uncommanded angular motion, the aft stick stop having been reached and AOA
not increasing, or sustained intolerable buffet.

(c) Recovery will be completed by 10,000 ft AGL.

(d) Ensure both engines advance together during recovery in order to prevent a
yawing moment due to asymmetric thrust.

(¢) Abrupt stalls and vertical stalls will be avoided.
(f) IP will brief spin recovery and engine rollback procedures.
(3) Engine RPM will not be reduced below 65% at airspeeds below 150 KIAS above
15,000 ft MSL, except for engine rollback demonstration. Engine RPM will be set at 65%
minimum for all stall investigations.

(4) No intentional flight with an engine shutdown below 10,000 ft AGL.

(5) External tanks will be empty prior to starting simulated bombing events. No abrupt
aileron rolls will be flown with tip tank fuel above 280 KIAS.

(6) See also the following THA: Ground Impact During Low Level Flight and Weapon
Deliveries.

5. TEST ARTICLE RESTRICTIONS: No unique restrictions.
6. SPECIAL CONSIDERATIONS:
Special considerations for the LCO curriculum development sorties:

1. Curriculum development must be done for each F-16 that is modified for the LCO
mission.




2. TInitial curriculum development for each F-16 that is modified for the LCO mission will
be under the supervision of a flutter expert designated by 412 OG/DOES. — $ee «dditiond

DoEs Covmuat,

3. For any given aircraft, any test point found to exceed 80% of the Uniform ABort
Policy Letter limits will be deleted from the student test cards for that aircraft. Also, the aircraft
will not be flown above 80% of the Design Load Limit during the LCO investigation.

4. The TPS staff monitor for LCO missions will perform an annual review of LCO data
for each aircraft to determine if the LCO characteristics change over time.

7. ACTION ITEMS:
1. Where appropriate, specify the minimum release altitude for weapons delivery.

5 There is a contradiction between speeds specified for flight on low level routes. Determine
which is appropriate and specify when applicable.

3. F-16 LCO sorties:
a) Add the Uniform Abort Policy to the Systems Phase Planning Guide.
b) Include a limit of 80% on the Uniform Abort Policy for curriculum sorties.

¢) Add control room procedures for plotting wing tip acceleration amplitude and
frequency in real-time and for attempting to extract damping information in real-time for each
sortie.

d) Ensure none of the proposed test points exceed 80% of the Design Limit Load.

e) Determine the g onset rate to be used for wind-up-turns, and specify it in the Systems
Phase Planning Guide.

4. F-16 Loads FTT:

a) Verify that the MIL-STD requirement for 60 Ibs lateral load, as stated in the Systems
Phase Planning Guide, is appropriate.

b) Verify that the MIL-STD requirement for 180 lbs rudder load, as stated in the Systems
Phase Planning Guide, is appropriate.

- 8. RISK ASSESSMENT:

Curriculum Sorties -- LOW
Curriculum Development Sorties -- LOW (see Special Considerations, above)

9. COORDINATION COMMENTS:
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TEST SERIES HAZARD CAT/PROBABILITY
USAF Test Pilot School Systems/Test Management Phase /REMOTE
PARED BY (TYPE NAME AND TITLE) GN.
.:)bert A. Eslinger, Capt * ?N ,8“/-‘- a &,\
L[I{N” TElgr SGAF?'Y OFFl;CEKd (TYPE NAME AND GRADE) SIGMATURE h“/( <
onald G. Joseph, Maj ':/—’\/
HAZARD: Ground Impact During Low Level Flight and Weapon Deliveries O

CAUSE: 1. Pilot inattention
2. Visual illusion/misjudgment
3. Pilot task saturation/distraction
4. Target fixation
EFFECT: Damage/loss of aircraft and créw
MINIMIZING PROCEDURES:
1. (1,2,3,4) AnIP will fly with the students on each sortie requiring low level flight and practice off range weapon deliveries.

2. (1,2,3,4) An IP will brief and, if required, demonstrate the proper weapons delivery techniques prior to student practice .

3. (1,2,3,4) Simulated and actual release altitudes must be adjusted so as not to descend below the specified minimum altitudes during the
dive recovery.

4. (1,2,3) Low level ride and systems assessment will be flown on an approved low level route. Minimum altitude is 500 ft AGL;
.however, navigation legs will normally be flown at or above 1,000 ft AGL.

?\n.vno-\

5. (1,2,3,4) Maximun; dive angle is 45 degrees.

6. (1,2,3,4) Minimum recovery altitude for dive attacks are:

Planned Dive Angle Minimum Altitude (AGL)
0 - 14 degrees 500 ft
15 - 24 degrees 1,000 ft
25 - 45 degrees 1,500 ft

7. (1,2,3) Minimum airspeed for F-16 low level flight is 400 KIAS. -
8. (1,2,3) Maximum airspeed on AFFTC colored low level routes is 450 ground speed.
9. (1,2,3) Minimum airspeed during weapons deliveries are 180 KIAS for the A-37 and 250 KIAS for the F-16.

10. (1,2,3,4) No straight ahead attacks below 5,000 ft AGL for the A-37, except for the Controlled Weapons delivery sortie.
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TEST §! HAZARD CAT/PROBABILITY
USAF T est Pilot School Systems/Test Management Phase REMOTE

PREPARED BY (TYPE NAME AND TITLE)
Robert A. Eslinger, Capt

SIGNATURE

RLA

a eiyzm

®

UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE)

Ronald G. Joseph, Maj

o AN

HAZARD: Mid-air Collision Between Test Aircraft and Target Aircraft

CAUSE: 1. Failure to see and avoid
2. Loss of situational awareness between test and target aircraft

EFFECT: Damage/loss of aircraft and crew

MINIMIZING PROCEDURES:

1. (1,2) Aircraft will maintain 1,000 ft altitude separation inside of 10 miles unles

J

s visual contact is maintained between the aircraft

2. (1,2) Aircraft will maintain a 1,000 ft safety bubble except for standard departure, fingertip, close trail, or rejoins which will be

prebriefed.

3. (2) Detailed profile and procedures briefings will be conducted with target pilots.

w, G 2) Mpptegrraie  ATC .t be oved ard bafd ow
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TEST SERIES HAZARD CAT/PROBABILITY
USAF Test Pilot School Systems/Test Management Phase VREMOTE

REPARED BY (TYPE NAME AND TITLE)

obert A. Eslinger, Capt

SIGNATURE

KIA &0

UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE)

Ronald G. Joseph, Maj

HAZARD: Ground Impact During Night ASTTA

CAUSE: 1. Aircrew inattention
2. Improper ground track

EFFECT: Loss of aircraft and crew

MINIMIZING PROCEDURES:

(39

. (1,2) All operations will be conducted in VMC.
3. (1,2) The following restrictions apply to run-ins to the IR board:
a. The ASTTA front cockpit will have an operable radar altimeter.

b. Missions will be under SPORT control.

1. (1,2) Minimum altitude for night operations is 2,000 ft AGL, except for run-ins to the IR board.

¢. Descent to 500 ft AGL minimum will only be on an eastbound run-in to the IR board and within the PIRA/Alpha corridor.
d. A positive means will be used to align final run-in to be perpendicular to the IR board.
e. A climbto 2,000 ft AGL will be accomplished immediately after crossing over the IR board.

REMARK: Currently, LORAN is used to align final flight path perpendicular to the IR board. Also, a vehicle is parked near the IR board
with its headlights illuminated in the direction of the run-in to aid visual identification.
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TEST SERIES HAZARD CAT/PROBABILITY
USAF Test Pilot School Systems/Test Management Phase VREMOTE

PREPARED BY (TYPE NAME AND TITLE)
Robert A. Eslinger, Capt

SIGNATURE

‘

UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE)

Ronald G. Joseph, Maj

HAZARD: Bird Strike During Night ASTTA Mission

CAUSE: 1. Low altitude flight
2. Flight in areas of known bird congregation

EFFECT: Damage/loss of aircraft and crew
MINIMIZING PROCEDURE:
1. (1,2) Bird strike contingency plans will be a preflight brieﬁng item.
CORRECTIVE ACTION:
In the event of a bird strike the crew will:
a. Climb to a safe altitude.
b. Perform the associated emergency procedures.

¢. The test mission will be terminated and the aircraft will RTB.

REMARKS:

The NC-131 aircraft may operate within +/- one hour of sunset/sunrise near the evaporating ponds due to mission requirements. The ‘
radome was designed to take a hit by a bird the size of a Canadian goose at normal operational speeds.

?—f&* by
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TEST SERIES
USAF Test Pilot School Systems/Test Management Phase

HAZARD CAT/PROBABILITY
TI/REMOTE

EPARED BY (TYPE NAME AND TITLE) SIGNATURE

obert A. Eslinger, Capt

RbA G, LA

UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE)

HAZARD: Inadvertent Radiation of Ground Personnel (ASTTA)
CAUSE: Inadvertent intrusion of ground personnel while radar is transmitting
EFFECT: Injury to personnel

MINIMIZING PROCEDURES:

2. Checklists will provide procedures to prevent inadvertent turn-on of equipment.
3. Danger zone will be marked at parking spot and monitored by a safety observer.
4. Aircraft strobes will be illuminated when intentionally radiating.

CORRECTIVE ACTION: If personnel enter the danger zone, radar will be shut down.

‘switch.

SIGNA . d
Ronald G. Joseph, Maj MTZ,‘,&L/—— A X\(L h/y,____

1. All flight and maintenance personnel will be briefed on proper use of equipment and hazards of radiation.

REMARKS: Danger zone is an area 75 feet, +/- 70 degrees off the nose of the aircraft. The squat switch override is a red guarded toggle
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PAGE OF PAGES
8
TEST SERIES i HAZARD CAT/PROBABILITY
USAF Test Pilot School Systems/Test Management Phase UREMOTE
PREPARED BY (TYPE NAME AND TITLE) SIGNATURE

Robert A. Eslinger, Capt . N ‘—
UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE) SIGNA %\) rpA 7\’ Q S QLF\/‘

Ronald G. Joseph, Maj M \ W |
‘ v

HAZARD: Departing Controlled Flight During F-15 Asymmetric Stores Investigation

CAUSE: 1. Exceeding roll authority
2. Departure while maneuvering

EFFECT: Loss of aircraft/crew

MINIMIZING PROCEDURES:

1. (1) "TEST 251, Handling Qualities Test" found in MIL-STD-1763A, Aircraft/Stores Certification Procedures and MIL-HDBK-224A,
Guide to Aircraft/Stores Compatibility, will be used for building-up to test points. |

2. (1,2) Maximum maneuvering AOA will be limited to 30 units. The Systems Phase Planning Guide limits students to 25 units.

3. (1) Maximum crosswind for takeoff will be 10 knots from the side opposite the store and 15 knots from the side with the store if any
fuel remains in the tank.

4. (1,2) Simulated single engine approaches will be practiced at altitude.

5. (2) All data points will be performed at or above 10,000 ft AGL when above 21 units AOA, except takeoff and landing.
6. (1,2) The CAS will be ON during structural integrity checks. .
CORRECTIVE ACTION:

In the event controlled flight cannot be maintained:

1. Ifroll authority is lost, unload to 1G, roll upright, aft stick to recover from dive (if required)

2. If a departure occurs, follow the Flight Manual Recovery Procedures.
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TEST SERIES . HAZARD CAT/PROBABILITY
USAF Test Pilot School Systems/Test Management Phase IVREMOTE
PARED BY (TYPE NAME AND TITLE) SIGNATURE

bert A. Eslinger, Capt 4/) M . '

\ a. L.

UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE) SIGNA ; rJ
Ronald G. Joseph, Maj M N M/

U

HAZARD: Aircraft Overstress During Structures Flight Test Technique
CAUSE: 1. Lack of pilot proficiency
2. Inattention to accelerometer
3. Roll coupling
EFFECT: Damage to aircraft
MINIMIZING PROCEDURES:

1. (1) All practice structures flight test techniques will be under the direct supervision of a TPS instructor.

2. (1,2,3) The artificial g limits for student training for the F-16 Structural Loads FTT will be +6 to -2 symmetric and +4 to -0.8
unsymmetric.

3. (1,2,3) The artificial g limits for student training for F-15 Captive Compatibility Demo/Asymmetric Stores FTT, when carrying a full
610 gallon tank on station 2 or 8, will be +4 to -0.5 symmetric and +2.5 to +0.5 unsymmetric in the cruise configuration.

4. (1) A build up from 80% of the above limits will be accomplished prior to 100% of the artificial limits.

‘. (1) Rapid rudder reversals or rapid release of rudder command in the F-16 will not be performed above 300 Kts/0.6 Mach.

CORRECTIVE ACTION: If an actual aircraft overstress occurs, a controllability check will be accomplished and the mission will be
terminated.

REMARK: The F-15 Captive Compatibility Demo/Asymmetric Stores mission will be flown in accordance with the current flight
clearance provided at the TPS operations desk and in the Systems Phase Planning Guide.
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F’RMEND:Y (EI';TE NAME E:ND TITLE) SIGNATURE M [\

obert A. Eslinger, Capt ﬁ ]

UNIT TEST SAFETY OFFICER (TYPE NAME AND GRADE) SIGNA’

Ronald G. Joseph, Maj rﬁi/e/ %\x/( H/U

HAZARD: Structural Failure (Limit Cycle Oscillation Demo)

CAUSE: 1. Aircrew inattention to test limits
2. Control room personnel inattention to test limits

EFFECT: Damage/loss of aircraft and crew

MINIMIZING PROCEDURES:

1. (1) An LCO upgrade flight program will be established for IPs.

2. (2) An Instructor FTE/N who is checked out in LCO control room operations will assist the student FTE/N in the control room.

3. (1) Test conditions and wing tip accelerometer outputs will be monitored in real time in the control room. The following
instrumentation is required for the LCO mission:

(1) Operating telemetry with minimal data drop outs

(2) At least three of the four wingtip accelerometers

(3) Normal acceleration at the CG

(4) Mach and altitude

(5) Operational radio communications between the aircraft and control room

4. (1,2) Test conditions will build-up to an LCO condition. A safety margin will be added to the requirements of the Uniform Abort
Policy letter, which will be adhered to in making terminate calls. 80% of the Uniform Abort Policy limits will be used.

5. (1) Pilots will be throughly briefed on test conditions to be flown and on any adverse conditions which may be encountered should test
limits be exceeded. Procedures for aircraft recovery, emergency cails, and crew egress will also be briefed.

CORRECTIVE ACTIONS:
The terminate procedure is:

(1) Reduce speed by first retarding the throttie
(2) Unload the aircraft if in an elevated g maneuver
(3) Ifnecessary, actuate the speed brakes

REMARKS:

1. LCO charactistics of the configuration have been tested on an F-16A and were found to be predictable. The configuration is an
approved loading for the F-16.

2. Mass properties of all stores will be determined prior to flight to ensure they meet specified weight, center-of-gravity, and inertia
tolerances.

3. Wind up turns will not be flown to above 80% of the aircraft's design limit load.

AFFTC FORM 5028A APR 93 (EF PREVIOUS EDITION 1S OBSOLETE



SYSTEMS PHASE PLANNING GUIDE

Al

APPENDIX A

GRADESHEETS



A2

SPECIFIC MISSION REQUIREMENTS

(THIS PAGE INTENTIONALLY LEFT BLANK)




€YV XIaN3ddY

G6 NV :3ivd 1NIHdHIAO d3/Sdi 4VSn 'QaSN 38 TIM HOIHM '¥8 AON 992 WHOH D144V S30VTIda 98 100 ‘8229 WHOH 0S4V

H8 SNOLLVHIJO ‘43IHO 431HD NOILO3S 1071d HOLONYULSNI

(3DG3TMONN TVHNAIDOHd/A LIIVS/ONINNY D) dIHSNVINYHIV

SISATVNY LHDN41S0d ‘g
MIIATH HIA 'V
4314930 '6
NMOQYIMOd S9-WDL 'V
DNIANVT / AHIAOD3H '8
SISATYNY LHDITANI £
NOSIHVJINOD HOSNIS '9
DNINNL O34 ‘g
SLINIT 01 3IONIHIHAY 'V
NOILLYHIdO G9-WDL / HOSN3S 'S
440DIVL ¥
dNYIMOd SINS/S9-WDL/HYAVH/INDH/SNI 'V
SdO ANNOYD '€
DNITANVH L4vHJHIV/SIHNAID0Hd V.LIVA/SINDINHOIL 1S3L LHOIT DNI43IHE 2
$103443 AVQA-40-IWIL/HIHLYIM ‘g
SAHVD 1S3L 'V
NOILYHVdIHd NOISSIN "L

NOILVYVd3dd NOISSIN

*Alessaoou | apis 8s1anal Uo anuiuo) (*Alojoeysnesun/eBelene mojeq S1N3IAT NOISSIN
1o Buoas Apejnonaed si jeyl ease Aue uo puedxy) °seese Buimo|jo) 8y} UO JUBLIWIOYD
a9l
3qVHS JNILL LHOITS ON/3dAL 14vHOHIV L07Id HOLONY.LSNI LN3IAnis
(N/314/10711d)
114 J11d0-0410313 133HS3IAVHO/AQYVI NOISSIN 10Td
3lva SSV10 NOISSIN TOOHIS 10Td 1S3l 4vsSn




¥'Y XION,

S1NIWWOD TYNOLLIaaY




SV XIgN3ddY

G6 NVI 3lvd LNIHdHIAO Q3/Sdl 4vsn

*a3sn 38 TIM HOIHM ‘8 AON ‘992 WHO4 D14V ST0VIdaH 98 100 ‘88229 WHOL 9S4V

HE SNOLLYYIJO ‘J3IHD 33IHO NOILO3S LOd HOLONYLSNI

JON3IHIAIX3 TYNOLLVHIHO

Ol 3Nd A3AIVM 39 NVD "L V11SV NO SINIANLS JHL OL LNVLISISSY

/Y3AY3SI0 NV SV LNIANLS FHL HLIM NMO14 SI LHONd SIHL ‘310N

DNI4314g3a ‘0L

(3DAITMON) 1vHNAIJ0Hd/ALIIVS/ONINNYId) dIHSNVINHIV

NOLLVNIGHOOD M3HJ ‘6

S34NA300Hd vivd '8

advod dl ‘g

ONINNL ANV dN-43IMOd 'V

NOLLY.LN3IHO Q3HVH4NI 'L

NOILLVNTVAZ SHOLOV4 NVIWNH "D

NOLLVNTVAI SNOILVHOILNI SWILSAS ‘8§

NOILV.IN3IIHO SdD (v}

31vadn ANV AVN SNI (€)

‘d’l LNIOd NYN.L O3/l (Z)

"d’l LNIOd NHN1 Yvavy (1)

31N04 AVN 'V

ONILS3L SIWILSAS TVNOILVHIdO ‘9

ALINNLHOddO 40 SL1IDHV.L (¥)

AVHYY HVIdVH (€)

AVHHY 3)V1 ANOWVSON (2)

SIAOW dVIN ANNOYD HVYAVH 11V (L)

NOILNTOSIH AvHYV HO.LO31d43H 'V

ONILSIL UvavH dVIN ONNOYD °§

NOLLVOILS3IANI H3.1L1N10 '3

NOLLVOILS3IANI HOLON 'd

NOLLN10S3d L39HVv.L "D

NO-22017 3ONVH XVIN _'d

NvOS diNg 'V

ONIMANVH 14vHHIV/S3YNA3II0Ud VLVA/SINOVINHOIL 1S3L LHOIT DNILS3L Hvavy HIV-OL-HIV ‘v

dN-H3IMOd NOILV.INIWNY.LSNI ‘03/HI "HvavH ‘SNl '€

ONIJ3IHE "¢

NOILVHVd3dd NOISSIN "L
NOILVHVYd3Hdd NOISSIN

*AlBSS806U §i BpIsS 9s19A8S U0 8nuNUO) (“Aiojoejsiiesun/ebelane moleq S1N3IA3 NOISSIN

10 Buonys Ape|nonued sj jeyy ease Aue uo puedx3y) ‘seale Buimo|jo) 8y} U0 JUBWILIOD
€64/HLEL-ON

IAVHO JNIL LHOITA ON/3dAL 14VHOHIV 107id HOLONYLSNI AN3anis
(N/3L4/107T1d)

OW3d O-V11iSv 133HS3AVHOD/AUVI NOISSIN 1OTd
3lva SSV12 NOISSIN TOOHJS 107id 1S31 dvsn




SLN3IWWO0D TYNOLLIaaY




2’V XIAN3ddY

G6 NVI :3Lva INIHSdHIAO a3/Sdl 4vsSn 'a3sn 38 TIM HOIHM 'v8 AON ‘992 WHO4J 0144V S30VId3d 98 100 ‘e82249 WHOH DSivY

Hd SNOILYHIJO ‘JAIHD 43IHO NOILLD3S L07d HOLONYLSNI

(3DA3TMONN TvHNAII0Ud/ALIIVS/ONINNV1d) dIHSNVINHIY

ONI431H83d ‘0l
NOLLYNIQHOO0D M3HD ‘6
S34HNA3J0Hd v.ivd '8
NOLLVNTVAT NOILVYDILINI SWILSAS L
NOLLYN1VAS SHOLJVd NVINNH "9
ONILVAdN ANV NOLLVDIAVN SNI ‘D
‘Q’1 INIOd NYNL Hvavyd ‘g
‘d’l INIOd NYNL 03/dl 'V
31N0Y AVN ONILSIL SINILSAS TVNOILVHIJO 'S
NOLLYDILSIANI H3L1NTD (9)
NOLLVOILSIANI HOLON (¥)
NOLLN10S3Y 1394Vl (€)
IONVH NO-X201 XVIN (2)
SAT0H/123313d XVYIN NVIS dig (1)
V.ivd ANV 30110vHd LNJANLS 'd
NVOS diT9 ON3A HOLONYLSNI 'V

ONITANVH 14vHIHIV/S3HNAII0Ud VIVA/SINDVINHIIL 1S31 LHOITd ONILLS3L Hvdvd HIV-OL-HIV ‘¥

dN-43MOd NOILVINIWNYLSNI ‘d3/HI ‘HvAVvY 'SNI '€

ONIJd3IHg ¢

NOILVYHVYd3dd NOISSIN L
NOILVYHVd3Hd NOISSIN

*A1essa0su JI 8pIs 8s19A8) UO BnUUoY ('Aloloejsiiesun/ebeione mojsq S1N3IAI NOISSIN

10 Buouis Ajejnonsed st eyl ease Aue uo puedxy) °-seale Bulmojjo) 8y} Uo JUBWWOY
€6L/HLEL-ON

Aavyd AWLL LHDITY ON/3dAL 14VHOUIV L107id HOLONHLSNI LN3IANLS
(N/3Ld/d)

VY1v3a/ON3a L-V11SV 133HSIAVHD/AUVI NOISSIN 107id
alvd SSV10 NOISSIW JOOHIS 107id 1831 dvsSn




3% x\n‘

SINIWWOD TYNOolLiaaYy




6V XIAN3ddY

G6 NVl 31lva LNIYdY3IAO0 d3/Sdl dvsn

*a3sn 38 TUM HOIHM ‘v8 AON '992 WHOH D144V 830V1dad 98 100 ‘e8229 WHO4 0SdvY

H8 SNOLLVHIJO ‘J3IHD J3HHO NOILO3S 107d HO.LONY.LSNI

(3DAITMON) TVHNAII0Hd/ALIAVS/ONINNYId) dIHSNVINHIV

ONIJ3HE3Ia "L i

NOLLVYNIQHO0J M3HD "0l

S3HNA300Hd vV1vd ‘6

NOILVNTVAI NOILVHDILN]I SIWILSAS '8

NOLLYNTVAI SHOLOVd NVINNH "L

ONILS3L SNI 9

ALINNLHOJAdO 40 S13IDYVL (v)

AVHHV H01031434 HV4QVH (€)

AVHYV NOILIT143H 3Mv1 ANOWVSOH (2)

S3IA0IN dVIN ANNOYD HYavd 1V (1)

V1va ANV 301L0vHd LN3daNnls 'd

NOILNTOSIH AVHYY HO.LD3143H - ON3A dI 'V

ONILSIL HvavH dVIN ANNOYD 'S

ALINNLHOddO 40

S1I9HVL NOILYNTVAT WILSAS JAILV.LITVND IN3ANLS "D

I9NVH NOLIVIIZLLNIAI XV (2)

IONVH 12313 XV (1)

NOILVNIVAT INFLSAS JALLYLINVNO LN3ANLS ‘49

IONVH NOLLYIIHILNIAI XVIN (2)

IONVY 123430 XVIN (1)

NNY LS3.L advod Hi - OW3Qd HOLONYLSNI 'V

ONITANVH 14vHIHIV/S3UNA3004d V.LVA/SINVINHIOIL 1S31 LHOId ONILSIL HI 'V

dN-43M0d NOILVINIWNYLSNI ‘d3/HI ‘"Hvadvy 'SNI ‘€

ONIJ3iHE ‘¢

NOILVYHVYdIHd NOISSIN "L
NOILVHVd3Hd NOISSIN

Alessaosu }| opIs 8819A8) U0 anUNU0) (‘Alojoejsiiesun/sbBeisne mo|sq SL1N3IAT NOISSIN

10 Buouzs Apejnonued st jeys esle Aue uo puedxg) ‘seale BUIMO||0) BY] UO JUBSWILIOY
€6L/HLEL-ON

3AVHO JNIL LHOITd ON/3adAL 14VHOHIV 107Id HOLONY.LSNI 1N3dNLsS

(N/31d/d) 1HDOIN
Viva/ON3ag 2-vL1isv
31va SSV10 NOISSIW

133HSIAVHO/AQUVI NOISSIN LOTd
JOOHJS 107d 1S3l dvsn




oLY Xl

S1N3IWINOD TYNOLLIaaY




LY XION3ddY

G6 NVI :31vd INIYdHIAO a3/Sdl 4vsn *a3SN 38 TUM HOIHM 'v8 AON ‘892 WHO4 D144V ST0VIdId 98 100 ‘88226 WHO4 9S4V

8 SNOILYHIJO ‘431HD 431HO NOLLD3S 107ld HOLONY.LSNI

(IDGITMONN TVHNAIIOH/ALIIVS/ONINNY1d) dIHSNVINHIV

IN3NIDANr st

SIUNAIO0Hd AONIOHINT "+

(LN3IANLS) ONI431IH83q ‘el

1HOINd 1SOd / DNIGNVT ‘2L

1IXd JONVH  “L1L

(HOV3 2) AH3IAIT3A SNOJVIM GITTIOHLINOD ‘Ol

(HOV3 2) (1407} 14017 334D3a 0E ‘6

(HOV3 1) {d422) NMOAAV1 Hvavy ‘8

(HOv3 2) (SOLd ANV dIDJ) alvi sl

(HOV3 2) (d10J) 94 33493a 0o¢

(HOV3 L) 33453 O£ AHIAITAC TVNNVIN

AHLNI 3DNVH

4403V

140dS/430|440 TOHINOD IDNVY 43148

S$34NJ3304d IDNVAHO GIANIJdXINN/ONNH

S3ANLILTVY INo4d °

SINDINHIIL/SHILINVYHYC AHIAITEA

S3IONINDIH4/STIHNAID0Hd IDNVH

S3IHNAII0Hd ASVYIATIH ‘LHOIN43Hd ‘ONILLIS TN MIIATY

(dl} ONI43IHY ‘¢
ONITANVH 14vHOHIV/S3HNA300Ud Viva/SINVINHOAL 1531 1HOIY S3HNAIO0Ud 3SVI1dH SNOdVIM "D
LHOI1434d SNOdVIM ‘g
NOILLVHVd3Hd 1IN 'V

NOLLYHVd3Hd NOISSIN "L

o |||

.

<L|a|d|a|uw

NOILYHVd3Hd NOISSIN

*Atessooou JI epls ©s1onel U0 snuiuo) (‘Aiojoejspesun/ebelsone mojeq SALNIAT NOISSIN
1o Buoas Apejnoilied s 1ey) eale Aue uo puedx3) °‘sesie BUuIMO||0} BY] UO JUBWIWIOS
9l-d
3AVHEO JNLL LHOMY ON/3dAL 14vHOHIV 10O7ld HOLONY.LSNI LN3AN1S
(SLOTUd)
V4 AHIAITIA SNOdVIM 133HS3IAVHO/AYVI NOISSIN LOTId
dlvd SSV10 NOissin - __TOOHOIS 1071d 1S31 dvsn




gy Xigj

SINIWWOD TvNOLLIaay




€1V XIAON3IddY

S6 NVl 31vd LNIHdHIAO d3/Sd.Ll 4¥Sn

‘aasn 38 TIM HOIHM ‘v8 AON ‘992 WHO4 0144V S30V1d3d 98 100 ‘e82¢2S WHOL 2S4dvY

Y8 SNOILVYHIdO ‘43HO 43IHO NOILJ3S 107Id HOLONULSNI

(39a3TMONN TVHNAII0Hd/ALIAVS/DONINNY 1d) dIHSNVINHIY

10T1dO.LNV 40 NOILVYNTVAT 'H

S3dOW O3V O.LNV 40 NOLLVNIVAT D

SNOLLONNG LVNSISIA 40 NOLLVNIVAT 'd

HITIOHU.LNOD HOSHND 4O NOLLVNIVAI

3
LNOAVT LIdIJ0D 40 NOILLYNIVAT ‘d
HVYdvH 40 NOLLVATVAT ‘D

SOV/SNI 40 NOLLVNIVAI 'd

ST 'AHIAII3A SNO4VIM ‘NOILYDIAVN ) dNH 40 NOILYNIVAI 'V

(43HLO

NOLLYNTVAI/ONIJIIHEIA NOISSIN

ONIANVT ANV NHILLVd TVYINHON

NH3L1ivd STl

INIWAQTJING SNOJVIM

S1d30H3LNI

NI Y

118/dN.13S SOINOIAV ‘1HVLS INIONT HOTHD HOIMILNI ‘LHDI743Hd

ONITANVH 14vdJHiv/S34Na3dodd v.iva/S3NVINHIAL LS3L LHOITd

DNI431Hg TvHINTD 0

SAHVI viva 9

IDA3FTMONI SWILSAS ‘e

NOILVHVd3Hd NOISSIN "L

NOLLVYVd3Idd NOISSIN

*Aiesssoou JI apis 8si6A8) U0 enunuoy (‘Alojoeyspesun/eBeiene mojeq
io Buouis Apeinonted s eyl eaie Aue uo puedx3) ‘seale BUIMO|(0) Yl UO JUSWILLOD

SLN3IAI NOISSIN

/514
3avyo JNIL LHODId ON/3dAL L4VHOHIV

L107Id HOLONYLSNI 1N3anis

(30]id) uonenjeaz swalsAs G-
3lvd SSV10 NOISSIN

133HS3AVHO/AUVYI NOISSIN LOTId
JOOHOJS LO7id 1S3l dvsn




SINIWINOD TVYNOLLIddY




SV XIONIddY

G6 NVI :31vd LNIHJYIAO 43/SdL 4¥SN

"G3SN 38 THIM HOIHM 'v8 AON ‘992 WHO4 D144V S30VIdaH 98 190 ‘B8ZZS WHOH 9S4V

HE SNOILVHAdO “43IHD

431HJ NOILO3S

1O7Tid HOLONH.LSNI

(39AITMON TVHNAII0Ud/ALIIVS/ONINNY1d) dIHSNYINHIV

ONINANVH 14vdJHIv/S3HNJ3I00Ud V.LVA/SINUVINHOIL LSIL LHOIL

[023UO0D JuBWeuY (§)

anH_(2)

lepey (1)

SWI9SAS |013U00 a1 'p

SWIAISAS UOIIBOIUNLULIOY ‘D

swalsAs uoneBineyN -q

InoAe| udxo0n e

Buysugaq uoissipy *¢

uany3 (g)

pazpuoud (z)

aaoang (L)

SIUBAS UOISSIW JO [0J3U0) 'q

lea@ 1d009 jo sssuybnoloyy ‘e

JONPUO) UOISSIN ‘T

Buysug ‘o

NOlLYHVvdiHdd NOISSIN

spie) eleq ‘q

ajyo4d jo uoneziuebig ‘e

uonesedalq UOISSHA ‘|

‘Alesseoou J| opis 8s18Ael U0 enunuo) ("AlojoejspesunjeBeione mojeq
1o Buouys Ape|noiied si 1Y) Base AuB uo puedx3) ‘seeie Buimo||oj 8yl UO JUBWIWIOYD

S1LN3A3 NOISSIN

1914
3AVvHO JNIL LHOITS ON/3dAL 1dVHOHIY LOTId HOLONYLSNI LNIANLS
uonenjeay
SWalsAS 314/N1d SGl-4 133HSIAVYO/AYVYI NOISSIA 107id
3iva SSV10 NOISSIN TOOHJS 107id 1S3L 4vsSn




91V XI

SINIWWOD TYNOLLIaaVY




41’V XIGN3ddY

GB6 NVIr 31vad INIHdHIAO a3d/Sdl 4vsSh 'a3SN 39 THM HOIHM 'P8 AON ‘992 WHO4 D144V S30VIdd 98 100 ‘88229 WHO4d 2S4vY
NOLLYNTVAI WILSAS d3LVHOILINI T

Y8 SNOLLYYZdO '431HO | 43IHD NOILD3S 107 HOLONHLSNI L1071dOLNY NOILLYNTVAT I
SNOILONNL 31vAadN 40 NOILYNIVAI “H

HITTOHLNOD HOSHND 40 NOILVNIVAI 'O

LNOAVT LIdXD002 4O NOILVNIVAT “d
(3DA3TMONMN TVHNAID0Ud/ALIdVS/DONINNV1d) dIHSNVIAHIY Hvdavyd 40 NOILLVNIVAI '3
H3LIWILLTVY HVAVH 40 NOILVNIVAI ‘d

SINS/IND4/SNI 40 NOILVNTIVAT "D

(43HL0 ST1 ‘AH3AITIA SNOdVIM ‘NOILVYDIAYN) ANH 40 NOILYNIVYAI ‘g

(SA33dSHIV ‘SITONV JAIQ 'S.V) Vivad 'V

(%0%) NOLLVNTVYAI/ONIJ3IHgIA NOISSIN

(%€) $3HNA300Yd V.Lvad LHOIMANI

(4/d) ONIONV ‘NYIL1Vd TVINHON ‘NYI1Llvd Od4S

{%2) VA3 ST

1 Y EoY )

(%9) VA3 INILSAS Q3LVvHDILNI

JONVSSIVNNOIZY LHOIN4NI '3

JAOV.LLVEY /- MOVILlv Sold ‘d

AJVLLY dIDD D

JOVLLlV 334DH30 0€ - 1401 ‘9

ASI0HIX3 HOV 'V

(%8) S1S31 SWILSAS AQILVHOILN! ‘v

VAT LTV 'H

1VAd LOTId OLNV *

&)

w

VA3 S3AOW 3SINYD

TYAJ HYAVH IND

wi

dlvadn 1vav

3.LVddN Hvavy

31vadn AT443IA0

<|d|o|a

AHVIAL/ ONIWLL / SIND NOLLYOIAVYN

(%8) S.LS31 NOLLVOIAVN B SNOLLVNIVAT TYNOILONNA '€

(%) SLNIOd 1S3L ANNOYO ‘dNLIS SIINOIAY ‘SdOLHDIN4IYd ‘T

ONITANVH 14vdI4Iv/SIHNAI00YHd VLVA/SINVINHIIL 1S3L 1HON4 ONIJ3149 NOISSIN J14103dS ® TVHINID "D

Sadvo viva ‘g

IDAITMONN SWILSAS 'V

(%0€) NOLLVHVd3dd NOISSIN "L

NOLLYHVd3dd NOISSIN

‘Alesseoeu J| epis 8sieAal UO anuiuo) ("Alojoejsiyesun/ebBeione mojaq S.LN3IAI NOISSIN
10 Buoays Apenoiuied si jeyl ease Aue uo puedx3) "seeie BUiMO|[0) BY) UO JUBLILUCY

/91-4
3QvHO JANLL LHOITd | - ON/3dAL 1d4VHOHIV 107id HOLONY.LSNI LN3dNLsS

(LOTid)
VAT SWILSAS 133HS3IAVYD/AUVI NOISSIN LOTId

3Lvd SSV10 NOISSIN TOO0HIS 107Id 1831 4vsn




8i'v Xl

SLNIWWOD TYNOILIQaY




64V XION3ddY

G6 NVI :31lvad LNIHdHIAO d3/sSdl 4vsn

'a3sn 38 TUM HOIHM ‘v8 AON ‘99Z WHOd D144V 830Vidad 98 100 ‘88229 WHO4d 9S4V

YE SNOLLVYIJO ‘431HO 43IH3 NOILO3s

107id HOLONHLSNI

(3DAITMON TVHNAIIOHd/ALIIVS/DONINNV1d) dIHSNVINHIV

ONITANVH 1dvHOHIv/S3YNA300Ud VLVA/SINVINHOAL 1S3L LHDIT4

uoneiBalu) SWalsAS ({)

[0J3U09 JuBIeWlY (£)

anH (z)

depey (1)

SWa)SAS |041U0D a4 °p

SWwI8lsAs uonesiunwwos ‘o

swalsAs uonebinenN g

SV.LOH / In0Ae| idx00) e

(%0t)

Buijsuqa UoISSIN ‘€

$8INPao0id 1S9 JO abpajmoud| ()

jusoiyy (€)

pazpuoud (z)

aAnoaig (1)

SJUDA® UOISSIW 4O [0J1U0) *q

(%0€)

jeas 11d%209 jo ssauybnoioy ‘e

1dNpuo) UoISSIiA ‘¢

sanbiuyosa] 1s9) 1ybi4 swaisAg Jo aBpajmouy “p

Buyeug o

NOILVYHVd3tHd NOISSIN

spled ejleg q

ojioid Jo uoneziuebio ‘e

(%0€)

uopeledald UOISSIN ‘|

*Alessaosu jI epis 98ieAe4 UO snunuoyn ("Alojoejspesun/ebeisae mojeq
1o Buouis Ale|noijied sy eyl eese Aue uo puedx3y) °seeie BuMO|[0) BY) UO JUBWILLOYD

SLNIAT NOISSIN

/91-d4
3avyo JWIL LHOITS ON/3dAL 14VHOHIV 107id HOLONY.LSNI LN3JNis
uonenieas swalsAg N14 133HS3AVYD/QYVI NOISSIN 10Td
3iva SSY10 NOISSIN TO0OHIS 1LOTId 1531 dvsSn




oz'v Xi

SLNINNOD TVYNOoLLIaay




e’V XION3ddV

G6 NV( :3.1vd _ LNIYdHIAO _d3/Sd.L 4VSN

‘a3sn 38 THM HOIHM ‘8 AON '99Z WHOd 0144V S30V1dad 98 100 ‘8229 WHO4 9S4V

HE SNOILVHIJO ‘43IHD

J3IHD NOLLO3S 1071d HOLONYLSNI

(3903 TMONN TVHNAII0Ud/ALIIVS/ONINNYId) dIHSNVINHIY

ONIMANVH L3VHIHIV/S3HNA3008d VIVA/SINVINHOIL 1S3L LHOITA

|043U090 JusWeEWlY (£)

anH_(2)

Jepey (i)

SWaISAS |041U0D 3l ‘P

Swa)sAs uoieduNWIWo) ‘9

SWwalsAs uonesuNWWoy) ‘9

SwialsAs uonebiaeN °q

1noAg| udxo00) ‘e

Buyauqaqg uoissint ‘g

wanyg (g)

pazpuoud (z)

oAndaIa (L)

SJUSAD UOISSIW JO [043U0) 'q

|eAd 31d¥009 j0 ssauybnoioy] ‘e

10NPUOY) UCISSIN 'Z

Buysug 9

spied exleq 'q

ajyoid 30 uoneziuebiq ‘e

uoneiedald UoISSIY *|

NOILVHVd3td NOISSIN

*Alesseoeu | epis 8sienes Uo. enunuoy (‘Alojoejsnesun/eBelene mojeq
10 Buoas Ajrejnornied st 1eys eale Aue uo puedxy) 'seele BUuImMojjo} BY) UO JUBWIWOD

S.LNIAI NOISSIN

3avyo JNIL LHOITd

/91
ON/adAL LIVHOHIV

LOid HOLONHLSNI LN3dNnis

31vd SSV10

uonenjens swelsAs 314 91-4
NOISSIW

133HSIAVHO/QHVI NOISSIN LOTId
TOOHJS 1071d 1531 Jvsn




cc'y Xiai

SLNIWWOD TVYNOLLIGaY




€c'V XION3ddv

G6 NVI :31vd LNIHdH3IAO0 a3/Sdi 4vsSn

¢ AO9NVHO

*@3asn 38 TUM HOIHM ‘8 AON ‘992 WHOd D144V S30V1dId

98 100 ‘88275 WHOd 0sdY

Y9 SNOLLVHIJO "J3IHD 43IHD NOILD3S

L07Id HOLONY.LSNI

(390ITMONN TVHNAIO0Ud/ALIAVS/ONINNYId) dIHSNVINUIY

4314830 ‘¢L

dO.LS T1Nd NI-LHOIVHLS "L1

JVOS d33dS "0l

09 ANV HONOL NI-LHDIVHLS ‘6
14 000°02 MO3HD ALITIGVTIOHLNOD '8
SV 062/14 000'0C NOILVOILSIANI 1T1v.LS HYIN "L
v.ivd 40 ALITVNO._ ‘D
AON3IDI443 '9
. NOISIO3Hd 'V
NOISNVdX3 3dO1dANT 9
4403XVL HIMOd IN_'G
ONITANVH 14VHOHIV/SIHNGIO0Hd YLVA/SINVINHIIL 1S31 1HOINd IXVL 'V
SdO ANNOYD/1HDIT4IHd '€
RINEER L4
NOLLVHVd3Hdd NOISSIN "L
NOILVYVd3tdd NOISSIN
‘Alessaoeu §| apis 9s19A8d UO enuiuo) ("Alojoeysnesun/ebeians mojoq SLNIAT NOISSIN
1o Buoils Aueinonued si jeys eele Aue uo puedxl) ‘seele Buimoj|oj 8Y) UO JUBLUWOY
Ele4"D) JNILL LHOITA ON/3dAL ._."_<x\ommﬂ_m 1071d HOLONYLSNI AN3anLs
(SNL4/SLOTId)
S3HOLS WASV/JINOD 1dVD 133IHSIAAVHD/AUVYI NOISSIN 107TId
31vd SSV10 NOISSIN T00HIS 1O 1S3L 4vSn




eV Xidj

SINIWWOD TYNOoILIaaY




g2V XIAONIddY

G6 NVl 3lva LINIHdHINAO d3/sdl 4vsn *@3asn 38 1M HOIHM ‘v8 AON '99Z WHO4 0444V S30VIdIH 98 190 ‘€8229S WHO4 DSdvY

Y8 SNOILYHIJO ‘43IHD 43IHD NOLLO3S 107Tld HOLONULSNI

(3DAITMON TVHNAII0Hd/ALIIVS/ONINNV1d) dIHSNVINHIV

ONI431Hg3a '8
ONIGNVT/AHIAO0DIY "L
HOVIN 6'0 / vd 000'0L 'd
HOVIN 9'0 / ¥d 000'0Z 'V
S.LNIOd 1S3l ‘9
NOLLVNIGHOOD LHOITANI 'S
SNITD/440aNVL ¥
A3078 ANNOYD '€
43149 NOISSIW ‘g
ONITANVH LiVHOUIV/S3UNAIJ0Ud VLVA/SINVINHOIL LSIL LHOIT SNOLLV.LINI 'V
ONId3IHg ‘¢
SAHVD V.IVA/NOILVYHVYdIHd 'V
NOLLVHVd3IHd NOISSIN i

NOILVHVd3Hd NOISSIN

*Alesse08u §i epis 8819A8S U0 8nunuo) (‘Alojoejsiesun/ebelane mojeq S1N3IA3 NOISSIN
10 Buouys Aliejnomued si jeys esie Aue uo puedx3) ‘seele Buimojo) 8y} UO JUBWILLOY
/891-4
3QvyD JWIL LHOIT ON/3dALl 14VHOHIV 1071d HOLONYLSNI IN3IaAN.Ls
(LOTd)
NOLLVTIOSO IFT1OAD LININ J133HSIAVYD/A4VI NOISSIA 1OTId
3lva SSY10 NOISSIN TJOOHJS LOTd 1831 VSN




SLNIWIWOD TYNOILIaaVY




42’V XION3IddY

*Q3s0N 39 TIM HOIHM ‘v8 AON ‘392 WHOJ D144V S30VTIdIH 98 1LDO ‘88229 WHOH 2SdVY

G6 NVI :3.Lvd LNIHJHYIAO d3/Sd.L d¥SN

H8 SNOILVYIJO "43IHD 43IHD NO1LO3S LOTId HOLINULSNI

(3IDAITMONN TVUNAII0Hd/ALIIVS/ONINNY1d) dIHSNVINHIY

SNOISIO3d HOLD3HId 1531 LHOINd ‘¥
SSINIHVMY NOILLVNLIS / 13nd / 3NIL S
AININIOVNVIN 30HNOSIY '3
AJVHNOJV / SSANILINHWOD ‘a
SISATVNY / NOLLISINOJV V.iva ‘0
HOVIN G'0 / Vd 000°0L (2)
HOVIN 9°0 / vd 000°0Z (1)
S.INIOd 1S3l 'd
M03HO INHOgHIV _(2)
d33IMS TOHLNOD (L)
A0079 ANNOYY 'V
13NANOD 1S3L WL '€
ONINANVH 13vHOHIv/S3UNA3IN0Ud VLVA/SINVINHIIL 1S3L LHOITd ONIJ3IHE NOISSIN_ '¢
SWILl 09-ON/0D
SLININ 1dVHOHIV ‘3NIT 13N4-3NLL "SLIWIT 1S3 'V
NOLLYHVvd3dd NOISSIN 'L

NOILVHVd3dd NOISSIN

*Aiesse0au §| Bpis 9SI9AS8) U0 BnUNU0) (*Aloloejspesunjebelone moleq S.1N3IAT NOISSIN
10 Buosis Apenonued s| jeyl eeie Aue uo puedx3) ‘seeie BuiMo|[0} 6yl UO JUBLLWIOD
(31d4)
Ele)4: D) JNIL LHO4 "ON/AdAL L4VHOHIY 1071d HOLONYLSNI IN3IAN.LSs
. 114 WL 001 9t-4 L133HS3AVYUD/AUVYI NOISSIN LOTId
31va SSVY10 NOISSIN TOOHIS 107Id 1831 4vsSn




SLNIWWOD TVYNOILIaaY




62’V XIAN3ddY

“a3sn 38 1M HOIHM ‘v8 AON ‘992 WHO4H 0144V S30VIdI 98 190 ‘8228 NHO4 9S4V

HE SNOILVYHIdO ‘43IHD 431HO NOILDO3s 107Td HOLONYLSNI

(39A3TMON TVHNA3II0Ud/ALTIVS/ONINNVId) dIHSNVINHIV

4314830 ‘L

ONIANVT/NYILLYC Jld4dvHL ‘9

7104 B 6°0- 081 Q3ILVNIGHOOINN LdNHEY (S)

NMOQHSNd 1dNyav (v)

dN 71Nd L1dNygv (g)

NMOQJHSN TYINHON (2)

dN 11Nd TVINHON (L)

(paiinbai
3Ie { 1O € JO 3UO 1 7 10 | JO BUO pue G wal) WE'0/H 14 000'GL ‘D

1104 D L 09€ LdNYAV (P)

NYN.L dNANIM (€)

H31SVOD HITION (2)

1NOTINd ONITIOH B Z TVYINHON (1)

{pauisap aie y pue | Ipasnbal ¢ pue Z swal)) WeE'0/°H L4 000'6Z ‘d

1104 O L 09¢ 1dNYaV (8)

NMOQGHSNd LdNyav (£)

dN 11Nd 1dNygv (9)

IVSHIAIY H3AdNH 1dNYav (8)

d11S3dIS TVINHON ()

dN TINd DNITIOY 9 Z TYWHON (€)

NMOQHSNd TYINHON (2Z)

dNTiNd TVINHON (1)

(paiinbai ase syulod 3 000°G2 1IV) (SVID 022 MWL'0/°H 14 000°62 'V

‘SLNIOd LS3L V01 1vHNLONYLS ‘S

ONITANVH 1dvHIUIV/SIHNAII0Hd VIVA/SANDINHOIL 1S3L LHONd AJ3HD IS /aNWINJ/3403NV.L ‘b

Sd0 ANNOHO ‘€

ONId3IHg "¢

SAHVI V.LVA/NOILLYHVd3IHd NOISSIN °L
NOILVYUVd3td NOISSIN

*‘Alessaoeu §| opIs 8816A8] U0 BNURUOY (*Aloloejstiesun/aBelsne mojsq S.LNIAT NOISSIN

10 Buouls Aueinoilied s) jeyy eese Aue uo puedx3y) ‘seese BUImo|jo} 8Y] UO JUBLILLOCYD
/91-d

Elek4-b JNIL LHOITS ON/3dAL L4VHOHIV ~ L1071d HOLONYLSNI LN3anis
(LOTId)

114 SAVOT TvHNLONYLS 9L-d 133IHSIAVHD/AUVI NOISSIW LOTId
3lvda SSV10 NOISSIWN TOOHIS 107d 1S3l dvsn




oey xa‘

SLNIWWOD TVYNOLLIaaV




G6 NVl 31vd INIHdHIAO d3/Sdl 4VYSn

HE SNOILVHIJO '43IHD 43IHD NOLLO3S L1OTd HOLONY.LSNI

Y XION3IddY

"G3SN 38 TIM HOIHM ‘v8 AON ‘997 WHOH D144V SIOVIdIH 98 100 ‘88225 WHO4 9S4V

ALNIEVidvay 1S31 JOHINGD OL NOILLOV JivHIdiiaa

( %GL)

SNOISIOId HO.LI3HIA LSIL LHOITd ¥

SSINFHVMY NOLLYNLIS/INI/FNLL o

LININIOVNVIN JOHNOSIH ‘3

AJDVHNIIV/SSINILITHNOD *d

NOLLISINOJV v.ivd "2

(I903TMON) TVHNA3ID0Yd/ALIIVS/DNINNYId) dIHSNVINMIY

(9 G°0-) 1104 08L/NMOGHSNJ/dNTINd 1dNYgV (8)

NMOAHSN/dNTINd TVYINHON (V)

WN6°0 .14 000'GL (€)

1104 D1 09€ 1104 1dNnygVv (D)

H31SvOD H3TI0H (8)

NHNL dNANIM/LNOTINd DNITIOYH DT (V)

N6'0 14 000°ST (2)

JVSHIAIH H3AANY 1dNYEVY/09€ 1104 LdNYay (3)

NMOAHSNd/dNTINd 1dnygy (q)

di1S34IS TVIWHON (D)

LNOTINd ONITIOH DT TVIANHON (9)

NMOAHSNd/dN1INd TVINHON (V)

WZ/'0 14 000°S2 (L)

-SINIOd 1S31 '9

(v139 VOV ‘D) %O3HO HOSNIS INHOGHIV/ANNOYD (2)

d33IMS T0H.LNOD (L)

A130179 ANNQYD 'V

(%8€)

10NANOD 1S3L WL ¥

3SIONOD ‘JAISNIHIUAWOD ‘3191931 'V

(%0L)

SAdv) viva ‘'€

-(SNOLLVOINNIWINOD

ANNOYD 0. HIV) SFHNAID0Hd NOILYNIQHO0D MIHD '8

ONIJIIHE NOISSIWN JI4133dS 'V

(%S L)

ONIJIHGAA/ONIJIIHE NOISSIN "¢

ONITANVH 14vHJHIVv/SIHNAII0Ud VLVA/SINVINHOIL LS3L LHOIT4

05 ON/QD 'Sild ‘SLIAN

1S3.1/14VHIHIV INIT 13N4-3NLL 'NOLLINIJIA 3dOTIANT 1S3L g

NOLLINI43d NOISSIN 'Y

(%S2)

NOILVHVd3dd NOISSIN "L

NOILVHVd3dd NOISSIN

*Alpsseosu Ji opis eslensl Lo snuiuo) ("Alojoeysiiesun/eBeions mojaq
o Buousis Apejnonsed sj jey) eele Aue uo puedx3) ‘seaie BUIMO}|0} 9Yl UO JUBIWICD

SLNIAT NOISSIN

9l-d
3qvHO JNILL LHOIT ON/3dAL LdVHOHIY LO7Id HOLONY.LSNI LN3ants
(31d4)
J03HD WL SIHNLINYLS 91-d 133HS3IAVHO/AUVI NOISSIN 1071d
iLva SSV10 NOISSIW TOOHIS 1071d 1831 4vsSn




ceY Xiai

SLN3INWWOD TVYNOILIaaY




96 NYf :31vd LNIHdHIAQ (d3I/Sd.L 4v¥SN

HE SNOILYHIJO ‘J3IHD

€'Y XION3ddV

*Q3SN 38 TIM HOIHM ‘$8 AON 'a9Z WHOd 9144V SIOVIdIM

98 100 ‘#8229 WHOd 0S4V

431HD NOI1O3S

L07Ild HOLONYULSNI

ALNIgV1dvayv LS31 TOHLNOD OL NOLLOV Jivd3dInaa

SNOISIOIA HO103HId 1S3L LHOIMd "1

SSINIHVMV NOILVNLIS/TANS/INIL

E

LANINWIDVNVIN 30HNOS3H

AJVHNIOJV/SSINILITdWOD

NOLLISINOJV V.iva

‘3
'
o)

(3DGITMONY TVHNAII0Ud/ALIAVS/DONINNYId) dIHSNYINHIV

(9 G'0-) T10H 08L/NMOAHSNA/dNTINd LdNYaY (g)

NMOAHSNd/dNTINd TVINHON (V)

NG'0 14 000°G1 (€)

1704 D1 09€ T10YH 1dNygv (D)

H31SVO0J H3TIOY (4)

NHYNL JNANIM/LNOTINd DNII0Y B2 (V)

N6°0 14 000'sZ (2)

TVSHIAIY HIAANH 1dNYEV/09¢€ 1104 1dNyay (3)

NMOGHSNd/dN1INd 1dNYav (d)

di1S3dIS TVINHON (D)

1N0OTINd ONITIOH DZ TVINHON (g)

NAMOJHSNd/dNTINd TVINHON (V)

WZ°0 14 000°S¢ (1)

-SLNIOd 1S3.1

'q

(v139 'YOV ‘D) 303HD HOSNIS INHOSHIV/ANNOYD (2)

d33IMS 10HINOD (L)

100719 ANNOYD

'V

1INANOD 1831 L

v

3SIONOD ‘IAISNIHIHJWOD ‘319I1931

v

Sayvo viva '€

-(SNOLLVJINNININOGD

aNNOYD Ol HIV) SIHNA3J0Hd NOLLYNIQHOOD M3HD

ki)

ONI431H8 NOISSIHN Di4103dS

'V

ONIJ31H93A/ONI43IHE NOISSIN “¢

ONITANVH 14vHIHIV/S3HNJI30Ud VLVA/SINVINHOIL 1SIL LHOITd

09 ON/OD ‘Silid ‘SLINI

1S3.1/14VHOHIV 3NIT 13N4-IWILL ‘NOLLINI43d 340T3ANT 1S3L 4

NOLLINIJ3A NOISSIN

‘v

NOILLVHVd3Hd NOISSIN

‘L

NOLLYVHVd3Hd NOISSIN

*Aiesseoeu J) epis 9sienes U0 enunuoy (Alojoeysnesun/eBeiene mojeq
10 Buouis Apejnonied si jey] esie Aue uo puedxdy) °sesie BUIMO||04 Syl UO JUBWILLOD

S1N3AI NOISSIN

9l-d
3avdo JNIL LHOINS ON/3dAL L4VHOHIV 107Id HOLONYLSNI LN3AdNis
(NL4) NOISSIN
INOOY W1 S3HNLONYLS 91L-d J13IHSAAVHO/AYVI NOISSIN LOTd
3lva SSY10 NOISSIN TOOHJS .1O7id 1S3L dvsn




¥eY Xia

SINIWWOD TVYNOLLIaaY




SYSTEMS PHASE PLANNING GUIDE

B1

APPENDIX B

DATA CARDS




ve- MVI Xld A140 FHL
40 NOILONNd AdIH3A ® S31VY 141HA SNI ININHY3L3d 140

(a3043Z SM3TS 004)
JAOW LON $30d X08 aL Ad4IHIA -
Z/0 ki

(SHOHY3 L7vS OL 3NA AVTHIAO LON AVN)
1d1S 01 @3103HH0OO X048 AL AdIHIAN -
1d1S OL NHNL3Y 0}

AVN OL SFONYHO JAON ‘W A4IH3A -
X4 14300V OL ILVYNOISIA 6

E] N
AWIL 004/91HI

‘Yivda gdoo3d 8
JLVYNDISIA ¥ LdLS ATdHIAO 4

ONYH oyd
1d1lS O1 JAILYTIH NOILYDOT X048 dL 3LON 9

WO HOH 'S
(SL7NS3H 3LON) HIV ‘HOH +
ONILNNOD ¥ 3/N dNOH
anH LHDIH HAMOTNI Xid  AdIHIA -
AT4HIAO GONM NOILONNS €
(LD373S 3AOW NIHL ‘OSIN ‘dONX V.LYa) z/o €
(@nH) NO vLVa I

-§34NAg3004d

wo ‘4O

AVN 3A0OW W

1830 401N0O -9ONM V.ivd
79V.,008 LIV NIN 1d1LS

Xld A 1443IA0

dn.L3s

18IX3 SHOYHHI YOV SSOHYD dI ININHILIA -ra0

N< \/ +

VLVd Q40D N

41104

-~
' J0'E .
., $$T HAH

CARASR: S

AHFIA ITId0Ud

MHIA NVId

NOILVYOOT1 X084 d1L JLON -
M0€/ -89¢ OAH -LSY3F WOHA NI - NNH "9

iiiSOLd M31S HO 13534 LON Od -
1HOIH 440 -

ISW XMSE€ ® HIN003H 9

OF <JTONV 3ZvH9D 314V -AN3OS3A v

HOV AdIH3IN-
191 NO X089 d1 3ZI'Igv.Ls dNO ® M3IS €

SPE BAH ‘QvOd dN A4 ¢
(@nH) NO V.LVa I

-§34Nd3004d
avod ALID TvO HLIM d3NOITVY Ld1S 40 HLNOS AN § NNYH LYV.LS
wo ‘404

SO1d/9-v-3AdON W
SViIX 0S€ / 1SW 0005

1d1LS ‘dNi3s

VAT ONIONYH ANNOYHO-OL-HIY

B.2



"SNOILOIA3YHd TYNNYWN
LHOId ANY VLVQ Avd LS3L TYNLOY HLIM SNOILYINOTVO
004 FHYJWOO "FAOW 3SINYD 40 NOILYHIHO Ad4IH3IA r80

(SVIX 00¥ ® 379V.LS) 2 d3LS NI NYHL (ONH XYW) ¥ d3.LS
NI H31Y3H9D 38 GTNOHS ONINIYWIH T3N4 AWT ‘FLON

HH/SE1 MOT4 713N
SOM SO
WN 1d1S 0L '1Sid
S81 ALILNYNO 73N
SViIX a33dSsHIv
sa1 an
1d1lS @ ONINIVWNIYH 13N ‘qq0034 -

1349V S/V © LOHS WIHL v

dNH NI L3YVO S/V AdIH3A -
103738 3AONW €

anyd / ann
JANLILTV 1dO / ONINIYW3IY 73N4 -aH0034-
ONYH LdO V.Lva ‘3SINHO ‘dONM V.Lva ¢

(7SIL ‘GnNH) NO V.Lva i
'$34NA3004d
a34dIsS3a 41 LOd OLNY 3SN
AVN 3AOW W

SV 00y S/Y
(00052 ‘00051 ‘00001 ‘000S) (c662) L1V

1d1S WOHH WN 02 < NNH LYVLS ° 1d1S ‘dNiL3s
(30w 3SINYD) HNH

YOV 40 NOILONNd H3d04Hd
AdIH3IA ® SHOHHT 3ANLILTY WILSAS ININHILIA :rdo

B.3

LIWWILSAS = AT ULdLS + LIvH
TVOV/LIVH OL 17V SAS d3LO3HHOD FHVdNOD -
dNH NI L4180 2t/9 ON AdIH3A -
1d1S OL N1Y -
431039900 JANLILTY WILSAS AJIHIA L

w/A\VN » OL SFONVHO JAOWN ‘W ‘AHIH3A -
FTONY FZvHY 0L <HLIM FLVYNDIS3A 9

and / awi
(HOV) 1dLS IA08Y LTV/ A3 LdLS ‘GHOOIH -
1830 H3IN0 XO4 AL M3TS ATIVNSIA S

OV ‘HOd
dNH NI TYOV  "AdIH3A -
(1Ld1S OL LHBIS-40-INITIHNSNT) LOF T3S FJAON ¥

T awd /T awi
(LTV SAS)LdLS FA0GY LY/ A3 1dLS ‘AHODTH -
HAH OL 1dO V.Lvad “IWO LIV SONM V.IvVa €

H3L3WILTY SA 3ANLILTY WILSAS -‘FLON
v/3 Ol LdO VLVA N3HL ‘SOd ‘dONM V.ivd &

(@nH) NO viva i

:$349Ng3004d
a3yIS3a <41 LOd OLNY 3SN
(1S3a 3708V .,0002) ISW~— LV
WO ‘HO4
AVNIAOW "W
TOV.008 LIV NIN < 1d1lS  dN.L3s

1YoV




NOILYN ILS3Q
Ol IniL

ANVIS HYavd

aNOWVIQ Ld1ls

e

JONVH \

\

JNO NOILVJIDILNY
dn-11nd

™~ dI00

S y3ddid

HIMVYW HLYd LHDITH

134 ® @INDITVY FTOILTH AGLS ¥ HIddId ‘AdIHIN €
(MO39 33S) ADOTOGWAS ANH ‘AdIH3IA 2
ANOWYIA ¥ SSOHO NOHI ‘HOV - HO4 ‘AdIH3A I

(¥8-51N) T¥AT SNOJYIM O-V dIDD

— | oeer | osy-— | o€l - 1SN
o SV1L
0oyt St | ogeL | 0S¥-SE | 0€L 88 | dlo0 08
ddl | 17V | SSOT | S/v-L1V | 1SId 177
aov | NN | 11V 734 | Svpiose-3svd | INJAT
'§394Nd3004d
} WOd
di00
198 1LSN
ovad o-v
8N AQY  ‘SWS
STN LEL -TFT0I1L3H AELS
NOLLNd SMN 3SN ‘dI00 / ©-¥-3dON "W
WIS __ ‘Wav'w
Ld1S -dNL3s

B.4




SYSTEMS PHASE PLANNING GUIDE

‘ ASTTA DATA CARDS




(THIS PAGE INTENTIONALLY LEFT BLANK)

B.6




© MBANINYA NIO3G, LINSNVHL

‘NNS) 1V YOVEL JTVIS 41 ¢

0 @RS LV
NNNL o 00€ NI38 T

OV 1SY0D TIVD 'S
) NO Y007 LdMALLYR
30Vl LYVHO diiLS HOLINOW ¥ aNY YOviL Tavis
NV3UE ‘SLIMGd 3N 4 Y
NO 3007 IN4SS300NS 39NV NYOVL GALYOIONI
YUYW ONY LYVHO didlS HOLINOW °C 1N0 TIVO ATIVEM3A °C
SIONVY NYOVL ONY 3NLL WALSAS QHOO T AN N SO Y T
NO Y¥30¥003Y OICI ¥VaVY 3JUNSNI 1 zo_%uwuapww% | .aezz%z_aizzwu |
] 3300
SIRINIOT WOIVEI0 WIVIIO TIWVL
viva yvovy
S3¥NQ3004d ” S3UNC3008d )
e | #1d [ 30NVE NO W01 XYA] Qi dn O owd O rov
L __ s L 0 sovit
, dud | 9290 | o U
oV ISY0D | ZvZ0 | ¢
YOLVIIONI NO—-X001 | vBzo | ¢ | N oavy |
EVYN3 HOLWS ALvNoIs3a | ez | ¢ | ” ' :
NOF31001 ¥A1dv 3ONVY INVIS | 2931 | z | ; W . _/ 5= i
SOd 3J9NVY ¥oS¥NO oY | €23l | 1 N R L s
Ve NOU dRios 3 o cvon | wnip | "D
== |1 s
[ onva xvn | :3nvN odovm _ wvos zv_|
13931 anss 0O M rb.
I LUVHO dii§s O ¥o¥ m:owzcu_z_z“ wm,m i LV o0H m,“mh = LV
‘ON ¢ "ON
_HHU Sdo Lva Ozmm | Ovhe 1 & avo

ViVQ dvavy ViISV|

Vivad dvavy VLLSY

.7



AJVNDIAY AVISIE ONY

TOULNCD ‘NOUYTINYOD
HLANIZY NYOS-OL~NVIS
40 A3 ALvinvND 9

JONVY NVOVL Q3LVIION
100 TIVO ATIVERAA °S

30nLUTY 130MVL LY
NOUVAITI VNNIALNY d33N °¥

NO 007 1dr3ALlLly LON 00 €

o NOWOALIA 1S YLV
SIONYY NYOVL ONY 3JNLL WILSAS Q¥OOIM T NOS 2 S0 E 10738 Z

NO ¥30H0O3¥ 03GW MVOVY JHNSNI L - R N 1 . %zz%z_aixzw_u .
SINIANDD HOLVHIIO : IV T3IT8VL
viva . yvav
$3¥NA300¥d : $34NA300Nd
e | fid wou(z NOWD3L3Iq XVYN Odn gamd O MOV
L | s 0 soviL I,
Jud | 9290 | 9 | H ouvE <
SOd NOUVATII VNNAUNY | 623l | ¢ | .
"~ NOLVAJ' VNNIINV | 693t | y | vy
SOd HLNWIZY VNNALNVY | #23L | ¢ | il
HLNAIZY VNNILNY | ¥831 | z | L
SOd 3FONVY HOS¥NO DOV | £zt | 1 | r k.
Jws NOU dROSI0 o ovom | wvio | WID
. . oct
[ nvosdna | :anvn oovw | A [sevos v |
1394v} a33d4S 0 not
aau L LMYHD diis O ¥aM T10SNOOINIA| _E: s/ lav _onz sy Ly

| L39MVL V1ISY

I L Jave Oy | Onbs 1 6% | auva

YLVQa dvavy VILSY | VivVa dvavy VLISV




SINGNROS

NO ¥30QY0JO3y O3aN dVAVY IUNSNI

S3UNAID0Yd

3OVl LYYHO JdIMLS MOLINOW °Z

-
-

WOIVU3IZo
viva

03A3IHOV Si Movil

dud [ 78280 | 9 |

ovy 1svod | z¥zo | ¢ !

HOLVIIANI NO—-X201 vaeo vy |

JI8YN3 HOLWMS 3LYNIIS3Q :14:]8

€
NOTX007 ¥314V JONVYH LNVIS 2931 z
SOd 39NVY ¥0S¥ND DOV €231 3

:

Noudmios3d | O cyom |

- of —

2

[ 39nvH xvW | :anvn ouo

aIes O ol
LUVHO diMiS O ¥aM u..omzoo_z_z_

HOIHM LY 3ONVISIO InuL »B_.wmm%«zz_ﬂ
L 308VL ‘TI3dSHIV NO
SINIVd VNNILNV J4nSN3 '} 'ONNOENI G3300Yd 4
WIVIIN I3ouvr
v
avy SIUNAID0Yd
hsmm _ TYA3 3aon zo<_ Odn B awd & rov
‘ 0 xovut
® HOYVES
[ BoNvY |
R
V/N
VW- e |
NYHO
v/N
nvos v |
o0H s/y 1y 1Y

1%

iva Ozmz _

Viva dvavy VLISV |

O fly

139¥vL V1iSV

[ 13 L | avo

VLIVQ ¥VAVY VLISY

B‘g



aissod
A 3ONVY NOWD3L3a
XY ULNA 3NNWNGD ¥

SIONVY NVOVL (dLYOIONI
dN0 TIVD ATIWVEMAA '€

OISV NIHM
© NVOS ZV 04 T OL HOLWS T
S30NVY NVYOYL GNY 3INLL WALSAS QMO0 T . % MO0 1drdLLY 10N dzwuﬂwm»zw%zzw&r MZzﬂ
: 00 “39U3IN S1308VL NN
NO ¥30H003¥ O30 ¥vaYY 3MNSNI 'L zdmzsrw aﬁh—m._::wwu‘. .._.E” dzd&m_p?:oaizzwu |
SIRIANOS WOIVETI0 : WIVITO T308VT
viva : yvavy
S3¥Na3o0ud . SIUNAIO0Yd
"Ml /14 ["NOUMOSIY HINMZY] Qan O ow O rov
L | s L O XovaL
ddd | 9290 | o | W WUV
SOd NOWVATII VNNALNV | 6Z31 | ¢ | oL
NOWVAIII VNNILNY | co3t | o | oy |
SOd HLNWIZVY VNNAINV | #23t | ¢ | m = Md
HLAMIZY YNNINY | +93L | 7 | M ” o =5 '
SOd 3JONVY HOS¥ND bOV | €2 | 1 W E |
_Jvs poudnedo | of owom | wwip ! IO
o+
| NvOSdNE | :3nvN ouovw _ M 2y |
1394V} gizgs O noi _ _
3t L Jiuvio dnus O wou 5omzoo_z_:“ s/y  lu s/Y i

1304Vl VLISV

B.10

520 dLva Ozmz | Oub 18 [ | ava

Vivd dVAvyY VLISV | . vVivd ¥vavy viLsv




SINIAROY BOIVYId0 HOIVHIdD I358vVL
$33n03203d vive wvavy $3¥NA3004d
o | ;E_ Odn O O wov
L | sdL L 0 >ova
o | 0 Kouv3s
S A
1 oy |
¢ | o Bid
| <=y e
b . — f
Ivos 3EB&PIIIIIIPEBI&E$ TT%HHHHTi+ \ NI
_ | sanvn oxovn | | [wvos gv_|
130¥vL @i O _&E _
I - L4VHO didts O ¥OY u._omzoo_z_z_P mmms. LW m,wuhm«.. AV

I P

Viva yvavy ViISY |

diva Oz“z _ Oz“z HH_ m@ﬂ

] ava

ViVQa ¥vVavy VYiISV

B.1l1



U 051 - —=| |—— op3g 0y umosg

J00401 MWD Y § = O g 9T—£0-9itM
(oneiBous) @« 85-6Y —¥CN
. €910 1PI00D pakening
'y pEc1 -0 L0504 <~v0| o6L ..lwqbo'ﬁbon/mn.s.
| U
5L ’
008 r @
| -
P
008 ¢
't
?
8
¢ "
00C4 00C1L
s
o
.m § o . ® ang . J
§
T
<
]
2 oy
5
&
O~——000¢ 4 G0~ ooeT -3
»p Aug puowosoy
AVEgvV 8003330 uvave
TOURIS TOTd 153

knnunzy] sBuoy Jaon

SIN3NKWOD | TavAlosay | /IONVY [ONVLSIO| ONIOYIH

S¥01033Y # 103103138

Ava
i

Ny Ny

niy

30ON g33dSytv

onuuw - (s)id

1831

Oty [ 138

| aLva

Vivad dvavy aNNo¥O—-0L—dIV VLISV

B.12




3aNLI9NOY | 30NLULYY AVO 3anLioNo | 3aniuva AVG
SHUVIIY SHYVAIY
Q3LVIIaNI 30 3NiL Q3LVOIONI 40 3N
ON’ , ‘ON
I | awva [ o | | 3uva

VLVQ SNI VLISV

ViVQA SNI V11SV

B.13




Ter-ve N

l/ v

obLY d
v

,o¥Se N
v

,0Y8z N
v

,0z1z 1
v

oLLt A
v

,0z¥t r
v

,090t _
v

,c98 H
v

,0tL o
v

,0%G 4
v

,Ov¥ 3
v

,0vC a
v

Y9z o
v

,02Z g
v

80 v
T-0001—~—,005 —]

TIVT ONOAVSOY

<
<
!

<

v

-2

—Y
v]]
A £

PES—LIL M
L'6y—¥C N

DIV NYOHMONA

Viva dvavy ONNOYO—O0L—¥IV VLISV

fnnuaryf 9wy | 3q0n WU
SINIHN0D | NAvVAWSIY | /3DNVYH | FONVLISIA] ONIOYIH 30
SHOLOTIIY £ |3ALOINIS ELS
niy v ny
Jaon Q33d4SHlY onuuy  (s)id
1S3
ON
O o [ % | 31vo

o
i



a_ [1om30] ree/1v Jamasuv] 1y Java dolg .E- v ¥o  |o3zasuv[ 1w [g -
 SuvAI Ty VROV INL | 1s3 § AMRYVI0d | AOd IVIH X GINNYId 1530 zuz
, ‘ON _ ON :
L1885 | | awvo R B T | auva

Vivd SAyl ViISY L ViVQ Sa¥l v1ISY

B.15




NOWVNIVAI SWILSAS VLLSY

NMOGLANRS ON3
MR WIND
XYL LY¥VLS
AVN 0L
70
m
. (414
) 0%
09
oL vd nw MM 1d 30/ drag s
08 SNLVYLS
NOTW OL HIAHLVYIM
, AGLS OL
ONOV LV G3LYOIONI [AYQ 40 3Nl IN3A3
WA ovre NIV QM O NNV A3M0d 1M O SHOLONYLSNI/MIYD LHOMNA VLILSY
raigsAS
ONIGYIH NOMIY TINS 0 NONY W3Mod 1A 0O
Laveouy VLVQ LNINNOMV SN
gor—2it M| Les—E N “NYOVL Sa¥vma3 _
O'WW—LIL M| 6:25—C N | QuvVO08 Nl "ON Sd0 MIYD 14vHOHIV] NoISTIVO
y'6S—Lib M| L BY—C N ov4avYd NHOHMONG
01091t M| 2'6v—C N| AVHYY HYQVY GNONYSOY
¥'S0-QiL M| 0°06—¥C N AYHYY HYOYY Sdl NVOVL V/V
CYS—Lit M| O TE—¥C N YOI HDIND Y0 M 130U YusY _ /
8 CS—Zil M| 6 Ye—E N — dNVY ONINNYd Sdl ONIGNY) HIIL
S3LVNIGYO0D 3ONIY34IAY SNI WALV 0/1 _ _ D3Y4 NSH
aans o/t
[ Jonsd | | ava SINIL [ ] auva

NOILYNIVAI SWILSAS VLISV

0
~t

.
m



